Guidelines and Register for Evaluation of Great Lakes Dredging Projects: Report of the Dredging Subcommittee by Dredging Subcommittee
University of Windsor
Scholarship at UWindsor
International Joint Commission (IJC) Digital Archive
1982-01-01
Guidelines and Register for Evaluation of Great
Lakes Dredging Projects: Report of the Dredging
Subcommittee
Dredging Subcommittee
Follow this and additional works at: http://scholar.uwindsor.ca/ijcarchive
This Report is brought to you for free and open access by Scholarship at UWindsor. It has been accepted for inclusion in International Joint
Commission (IJC) Digital Archive by an authorized administrator of Scholarship at UWindsor. For more information, please contact
scholarship@uwindsor.ca.
Recommended Citation
Dredging Subcommittee (1982). Guidelines and Register for Evaluation of Great Lakes Dredging Projects: Report of the Dredging
Subcommittee. International Joint Commission (IJC) Digital Archive. http://scholar.uwindsor.ca/ijcarchive/294
$732233. .
. .Lt/{J}. :1
.6.
41.34;: a: ..
‘15:: A .vr. by,
r . \kl,1M&.n1r.fn
v...fa\..¥ \53 xx? A
. 3: fry»).
5!: I\ .n‘
xiii«$.555L‘EL... . ‘ .
4
4
"
»
H
R
H
“
4
.
.
6
,
»
.
 
  
 Guidelines and Register for
Evaluation ofGreat Lakes
Dredging Projects
 
   
  
 Report to the
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Bo
ar
d
Guidelines and Register for
Evaluation of Great Lakes
Dredging Projects
Report of the
Dredging Subcommittee
to the
Water Quality Programs Committee
of the
Great LakesWater Quality Board
January, 1982
 
 
 Table of Contents,
CHAPTER TITLE PAGE
LIST OF TABLES v
LIS
T O
F F
IGU
RES
vii
ACKNOWLEDGEMENTS ix
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 1
I.
INT
ROD
UCT
ION
3
2. BACKGROUND 7
3. EXISTING POLICIES AND PRACTICES 9
A. GREAT LAKES DREDGING ACTIVITIES 15
5. GUIDELINES FOR PROJECT EVALUATION 51
REFERENCES 65
APPENDICES
1. MEMBERSHIP LIST 71
2. FINAL SUMMARY - THE DREDGED MATERIAL RESEARCH
PROGRAM 73
3. ONTARIO MOE AND U.S. EPA, REGION V DREDGED SEDIMENT
GUI
DEL
INE
S
87
A. ONTARIO MINISTRY OF THE ENVIRONMENT EVALUATING
TH
E
IM
PA
CT
OF
MA
RI
NE
CO
NS
TR
UC
TI
ON
AC
TI
VI
TI
ES
0N
WAT
ER
RES
OUR
CES
(19
76)
87
B. U.S. EPA, REGION V, CHICAGO, ILLINOIS —
APRIL 1977 GUIDELINES FOR THE POLLUTIONAL
CL
AS
SI
FI
CA
TI
ON
OF
GR
EA
T
LA
KE
S
HA
RB
OR
SED
IME
NTS
'
98
4.
WAT
ER
QUA
LIT
Y B
OAR
D A
ND
RES
EAR
CH
ADV
ISO
RY
BOA
RD
COM
MEN
TS
ON
DRE
DGI
NG
103
A.
WA
TE
R
QU
AL
IT
Y
BO
AR
D
10
3
B.
RES
EAR
CH
ADV
ISO
RY
BOA
RD
104
iii
 
 TabIe of Contents — cont'd.
 
CH
AP
TE
R
TI
TL
E
APPENDICES cont'd.
5. GREAT LAKES WETLANDS - LEGISLATION AND DREDGING
IMPACTS
6. GREAT LAKES FILL OF NON-AQUATIC ORIGIN
— REGULATIONS, GUIDELINES AND PRACTICES
7. GREAT LAKES DREDGING REGISTER, 1975-1979
7.1 TOTAL VOLUME OF DREDGED MATERIAL
7.2 DREDGED MATERIALS CONTAMINANT LOADS
7.3 DISPOSAL OF DREDGED MATERIALS
7.4 REGISTER OF GREAT LAKES DREDGING PROJECTS
8. CONVERSION FACTORS
iv
PAGE
109
115
145
155
163
197
201
365
rIII
IIII
IIII
IIII
IIII
IIII
IIII
IlII
Illl
llll
llll
llll
llll
llll
llll
IlIl
IIII
IIIl
llll
llll
llll
l|||
|||l
pII
A
82
(49
95/
1)
81V
I83
IVN
039
038
0 N
I 8
9N1
0V0
3
TVH
NNV
03l
VWI
lS3
HiI
M
038
VdN
03
833
800
8
800
18V
A
N08
3 8
9N1
0V0
3
TVL
N3N
333
N08
nH
38V
3
SI
82
(J
ea
K/
l)
s1
v1
03
1v
w
03
90
30
0
NI
$9
N1
0v
01
TV
DN
NV
GE
IV
NI
IS
B
HI
IM
030
de0
3 s
aoa
nos
SHO
I8V
A w
oad
$9N
10v
01
1v1
~3w
313
NVB
IHO
IN
axv
1
v1
[2
(4
99
5/
1)
81
VI
83
1V
N
03
90
38
0
NI
89
NI
OV
01
TV
HN
NV
03
lV
WI
lS
3
HI
IM
038V
dN03
8338
008
8001
8VA
N083
89NI
OV03
3VlN
3N33
3 8
OI83
d08
38V3
SI
[2
616
I‘S
Z6I
‘TV
SOd
SIG
0NV
3dn
80
03N
I3N
03
NI
033
V3d
8 9 N 1 0 V 0 3 l N V l ﬂ T T O d 8 3 V I 8 3 1 V N 0 3 9 0 3 8 0 T V I O I 0 3 l V N I l S 3 3 0 i N 3 3 8 3 d 2 I
92
(1)
6£6
I’S
£6I
‘83
lVM
30
100
038
0d8
10
83V
I83
1VN
0 3 9 0 3 8 0 N I 8 9 N 1 0 V 0 3 i N V l ﬂ T 3 0 d W V H N N V 3 9 V 8 3 A V 3 0 8 3 l V N I l S 3 I I
92
(1)
616
I'9
16I
‘83
IVM
30
100
038
088
10
8 3 V I 8 3 I V N 0 3 9 0 3 8 0 N I 8 9 N I O V 0 3 i N V l ﬁ W T O d T V I O I 3 0 8 3 I V W I I S 3 O I
92
6Z6
I‘S
Z6I
‘83
iVM
NI
038
0d8
10
81V
I83
1VW
0 3 9 0 3 8 0 N I S 9 N 1 0 V 0 1 l N V i ﬂ T T O d T V H N N V 3 9 V 8 3 A V 3 0 8 3 l V W I l S 3 6
9 2 6 1 6 I ‘ S Z 6 I ‘ 8 3 I V M N I 0 3 8 0 8 8 1 0 0 N V
8 3 V I 8 3 I V W 0 3 9 0 3 8 0 N I 8 9 N I O V 0 3 l N V i ﬂ T W O d T V I O I 3 O 8 3 l V W I i 8 3 8
V 2 ( 1 ) 8 3 8 V 3 i V 3 8 9 3 H 1 3 O H 3 V 3 N I 6 1 6 I ' 9 1 6 I N 0 8 3 0 3 9 0 3 8 0
8 1 V I 8 3 I V W N I 8 9 N 1 0 V 0 3 l N V i ﬂ 3 3 0 d 3 V O N N V 3 9 V 8 3 A V 3 O 8 3 i V N I l S 3 l
#2
(1)
838V
3 lV
389
3H1
3O H
3V3
NI 6
Z6I'
SZ6I
W083
0 3 9 0 3 8 0 8 3 V I 8 3 I V W N I 8 9 N 1 0 V 0 3 l N V i ﬂ T 3 0 d T V I O I 3 O 8 3 l V W I l S 3 9
£ 2 3 3 8 V 1 I V A V
i O N 3 8 V 8 i N 3 W 3 8 0 8 V 3 W T V H I O V N 3 H M 8 9 N 1 0 V 0 3 i N V i ﬂ T W O d
3 0 8 N 0 1 1 V 3 0 3 1 V 3 8 0 3 S N O I l V 8 l N 3 3 N 0 3 0 N 0 0 8 9 8 3 V 8 S V 0 3 8 0 8 3 0 3 V A 9
I 2 6 L 6 I ‘ S Z 6 I ‘ 8 3 V I 8 3 I V W 0 3 9 0 3 8 0 8 3 8 V 3 i V 3 8 9 3 0 3 V 8 0 d 8 1 0 t
6 I 6 L 6 I ' 9 1 6 I
‘ A 8 I N 0 0 3 A 8 8 3 N 0 3 0 A 9 N I 9 0 3 8 0 W V I O L l 8 3 9 8 V 3 3 O S N O I I V 3 0 3 8
8I
6Z6I
‘916
I ‘
83W0
30A
9NI9
0380
838V
3 lV
389
2
8 I 6 Z 6 I ' S Z 6 I
‘ A 8 I N 0 0 3 0 N V N I S V S A 0 8 3 V I 8 3 I V N 0 3 9 0 3 8 0 8 3 8 V 3 i V 3 8 9 3 O 8 3 N 0 3 0 A I
39V
d
311
11
318
Vl
S a l e m J 0 1 8 1 1
  
List of TabIes - cont'd.
 
TABLE
16
17
18
19
T
I
T
L
E
P
A
G
E
LAK
E E
RIE
ELE
MEN
TAL
LOA
DIN
GS
FRO
M V
ARI
OUS
SOU
RCE
S C
OMP
ARE
D W
ITH
EST
IMA
TED
ANN
UAL
LOA
DIN
GS
IN
DRE
DGE
D M
ATE
RIA
LS
(t/
yea
r)
29
LAK
E O
NTA
RIO
ELE
MEN
TAL
LOA
DIN
GS
FRO
M V
ARI
OUS
SOU
RCE
S C
OMP
ARE
D W
ITH
EST
IMA
TED
ANN
UAL
LOA
DIN
GS
IN
DRE
DGE
D M
ATE
RIA
LS
(t/
yea
r)
29
SED
IME
NT
CHA
RAC
TER
IZA
TIO
N C
ATE
GOR
IES
53
AVE
RAG
E C
ONC
ENT
RAT
ION
S (
DRY
WT.
) O
F S
URF
ICI
AL
SED
IME
NT
CON
STI
TUE
NTS
IN
THE
GRE
AT
LAK
ES
56
vi
FIGURE
1
List of Figures
TITLE
GREAT LAKES DREDGING ACTIVITIES - AVERAGE ANNUAL QUANTITIES
(1,000 m3) 1975
GREAT LAKES DREDGING ACTIVITIES 1975-1979
VOLUME OF MATERIAL DREDGED (1975-1979)
FLOW CHART OF DREDGING PROJECT EVALUATION
WT
PAGE
17
20
52
   
  
 Acknowledgements
The membership of the Dredging Subcommittee wish to recognize and thank
Mr. Don Bondy, who laboured on the preparation of this report; Mr. Paui
McDermott, who handied the computer information; Mr. Yvan Gagne, who prepared
the graphics; and Ms. Mary Ann Morin, who tireiessiy typed the draft through
a1] its revisions.
ix
  
 
 Summary , Conclusions and Recommendations
SUMMARY AND CONCLUSIONS
In addressing the development of compatible guidelines and criteria for
dredging activities in the boundary waters of the Great Lakes System, the
Dredging Subcommittee referred to the report of the International Working
Group on the Abatement and Control of Pollution from Dredging Activities as
well as research results and experience produced since the report's publica-
tion in 1975. It was noted that specific programs, notably the Dredged
Material Research Program of the U.S. Army Corps of Engineers, the IJC Refer-
ence Group on Pollution from Land Use Activities (PLUARG) and the development
of legislation, policy and guidelines for the control of toxic substances,
have produced results, recommendations and measures which have the potential
to significantly influence dredging and dredged material disposal decisions in
the Great Lakes.
The Subcommittee reaffirms the site—specific approach to the environmental
review of dredging projects as recommended by the International Working Group
on Dredging, and has produced guidelines to be considered in such a review.
In an evaluation of sediment quality at a dredging site, there are too many
variables involved to provide more than the general guidelines contained in
Chapter 5. The conceptual approach taken in the guidelines is based on the
principle of non-degradation and does not differ markedly from that presently
used on the lakes and is similar to procedures followed in the ocean dumping
legislation of the United States and Canada. Essentially, the basic
components of a project evaluation consist of a review of existing site-
specific historical and ecological information, an assessment of the physical,
chemical and biological characteristics of the dredged material and an evalua—
tion
of
dredged
material
disposal
options.
Methods to determine and evaluate the biological significance of sediment
contaminants are still in the development stage and further research is re-
qu1red in the field of toxics and bioassessment.
RECOMMENDATIONS
The Dredging Subcommittee recommends that:
1. The principle of non-degradation should be fundamental in the
environmental assessment of dredging activities in the Great Lakes.
2. Significant sources of sediments and contaminants to the Great Lakes
should be identified and quantified where possible such that the
inputs due to dredging can be placed in perspective.
3. The implications and potential environmental impacts of dredged
material disposal options should be fully assessed during project
evaluation.
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I . Introduction
The International Working Group on the Abatement and Control of Pollution
from Dredging Activities was established in November 1972 in compliance with
the Great Lakes Water Quality Agreement. The International Working Group
reviewed existing dredging practices, programs, laws and regulations in its
1975 Report. In 1978 the Research Advisory Board's Expert Committee on
Engineering and Technological Aspects reported on dredged material disposal
employing confinement facilities and recommended assessment of alternative
disposal options.
The revised Water Quality Agreement (International Joint Commission,
1978), signed by the governments of the United States and Canada on November
22, 1978, recomnended the establishment of a Subcommittee on Dredging under
the auspices of the Water Quality Board. The terms of reference for this
Subcommittee, outlined in Annex 7 of the Agreement and later confirmed and ap-
proved by the Water Quality Board at its 36th meeting, February 13, 1979, are
as follows:
The Dredging Subcommittee (DS) will assist the Implementation Com-
mittee (IC) of the Great Lakes Water Quality Board (WQB) by:
a. reviewing the existing practices and policies in both countries
relating to dredging activities, as well as the previous work
done by the International Working Group on Dredging, with the
objective of developing by December 1, 1979 compatible guide—
lines and criteria for dredging activities in the boundary
waters of the Great Lakes System;
b. maintaining a register of significant dredging projects being
undertaken in the Great Lakes System with information to allow
for the assessment of the environmental effects of the projects,
including the long term effect of both dredging and disposal of
toxic sediments. The register shall include pertinent statis-
tics to allow for the assessment of pollution loadings from
dredged materials to the Great Lakes System;
c. recommending procedures for encouraging the exchange of informa-
tion relating to development of dredging technology and envir-
onmental research;
d. identifying specific criteria for the classification of polluted
sediments of designated areas of intensive and continuing
dredging activities within the Great Lakes System and
e. preparing reports on items a), b), c), d) and undertaking other
activities as directed by the Water Quality Board.
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ra
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c
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c
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dr
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ng
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io
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te
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to
th
e
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ge
d
Ma
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ri
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se
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ch
Pr
og
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m
(D
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de
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en
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th
e
U.
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Ar
my
Co
rp
s
of
En
gi
ne
er
s.
Th
is
fi
ve
—y
ea
r
pr
og
ra
m
wa
s
in
it
ia
te
d
in
19
73
an
d
in
vo
lv
ed
mo
re
th
an
25
0
in
di
vi
du
al
st
ud
ie
s.
Mo
st
of
th
e
re
po
rt
s
fr
om
th
is
ef
fo
rt
ar
e
no
w
av
ai
la
bl
e
an
d
a
pr
og
ra
m
su
mm
ar
y
is outlined in Appendix 2.
 2. Background ‘
ENVIRONMENTAL CONCERNS AND DREDGING
Examples of the degradation of the environment and biota of the Great
Lakes due to man's activities are numerous. Substantial changes in the
fishery (Beeton, 1969) including the decline and virtual extinction of the
indigenous oligotrophic fish species are partially attributed to pollution and
the decline of preferred habitat. Also, the nutrient enrichment and sub-
sequ
ent
eutr
ophi
cati
on o
f la
ke w
ater
s ha
ve c
ontr
ibut
ed t
o lo
cali
zed
and
some
-
times extensive depletionof dissolved oxygen in bottom waters (Burns and
Ross, 1972).
Perh
aps
the
most
obvi
ous
chan
ges
occu
rrin
g in
the
lake
s ar
e th
ose
taki
ng
place in the sediments. Populations of benthic organisms, which form rel-
ati
vel
y s
tab
le
com
mun
iti
es
tha
t i
nte
gra
te
cha
nge
s o
ver
lon
g t
ime
int
erv
als
,
have undergone shifts in species composition, distribution and abundance
(Bee
ton,
1969
; C
ook
and
John
son,
1974
; De
lorm
e,
1977
).
Alon
g wi
th t
he h
eavy
meta
l e
nric
hmen
t of
the
surf
icia
l s
edim
ents
of t
he G
reat
Lake
s (K
emp
and
Tho
mas
, 1
976;
Kem
p e
t a
l.,
1978
; L
ela
nd
et
al.,
1973
; W
alt
ers
et
al.,
197
4)
ther
e is
incr
easi
ng c
once
rn f
or o
ther
pers
iste
nt c
onta
mina
nts
whic
h ar
e be
ing
iden
tifi
ed i
nclu
ding
chlo
rina
ted
orga
nics
such
as D
DT a
nd i
ts d
eriv
ativ
es,
PCB
s a
nd
mir
ex.
It
sho
uld
be
not
ed
tha
t f
or
man
y c
ont
ami
nan
ts,
e.g
.,
mer
cur
y
and
P68
5 -
the
ext
ent
to
whi
ch
sed
ime
nts
fun
cti
on
as
a n
et
sou
rce
or
a n
et
sink has not been determined.
 
The Pollution from Land Use Activities Reference Group (PLUARG, 1978)
dete
rmin
ed t
he p
erce
ntag
e of
the
trib
utar
y po
llut
ant
load
s to
the
lake
s th
at
is associated with sediments and concluded that, in terms of an overall lake
load
, t
he s
edim
ent
asso
ciat
ed f
ract
ion
of m
any
poll
utan
ts c
onst
itut
es
a su
b-
stan
tial
prop
orti
on o
f th
e to
tal
load
ing
of t
hose
poll
utan
ts.
In m
any
case
s
the
sedi
ment
atio
n of
trib
utar
y lo
adin
gs i
n ha
rbou
rs h
as c
ontr
ibut
ed
to b
oth
the
req
uir
eme
nt
for
mai
nte
nan
ce
dre
dgi
ng
and
the
poo
r q
ual
ity
of
the
sed
ime
nts
in h
arbo
urs.
Othe
r lo
adin
gs
are
due
prim
aril
y to
indu
stri
al
and
muni
cipa
l
sou
rce
s.
The
ext
ent
to
whi
ch
dre
dgi
ng
con
tri
but
es
to
the
tra
nsl
oca
tio
n o
f
sed
ime
nts
and
con
tam
ina
nts
to
the
ope
n l
ake
sys
tem
is
not
cle
ar.
Kem
p e
t a
l.
(19
77)
sug
ges
ted
tha
t d
red
gin
g c
oul
d c
ont
rib
ute
app
rox
ima
tel
y 1
0%
of
the
fin
-
gra
ine
d s
edi
men
t t
o L
ake
Erie
.
Ins
ofa
r a
s m
uch
of
the
sed
ime
nt
dre
dge
d i
n
Lak
e
Eri
e i
s a
sso
cia
ted
wit
h h
igh
ly
ind
ust
ria
liz
ed
are
as
and
con
tam
ina
nts
are
mos
tly
ass
oci
ate
d w
ith
the
fin
er
gra
in
siz
es
of
sed
ime
nt,
it
can
be
pos
tul
ate
d
tha
t c
ont
ami
nan
t l
oad
s a
sso
cia
ted
wit
h d
red
gin
g m
ay
be
sub
sta
nti
al.
Muc
h o
f
the
cont
amin
ant
load
, h
owev
er,
is b
ound
to f
ine
part
icle
s an
d un
avai
labl
e t
o
bio
ta,
alt
hou
gh
wha
t
is
ava
ila
ble
may
be
imp
ort
ant
.
The
DMR
P c
onc
lud
ed
tha
t m
any
of
the
wat
er
qua
lit
y c
onc
ern
s r
ela
tin
g t
o t
he
sho
rt—
ter
m r
ele
ase
of
con
tam
ina
nts
to
dis
pos
al
sit
e w
ate
rs
are
unf
oun
ded
in
mos
t c
ase
s.
Als
o,
it
was
fou
nd
tha
t b
ent
hic
org
ani
sms
wou
ld
rap
idl
y r
e-
col
oni
ze
ope
n w
ate
r d
isp
osa
l
sit
es
par
tic
ula
rly
whe
n t
he
phy
sic
al
cha
rac
ter
—
7
 is
ti
cs
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th
e
dr
ed
ge
d
ma
te
ri
al
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se
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d
th
e
na
tu
ra
l
ba
ck
gr
ou
nd
co
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it
io
ns
.
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nt
am
in
an
t
up
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ke
by
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ga
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s,
ho
we
ve
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re
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in
s
a
pr
ob
le
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an
d
a
re
co
mm
en
da
ti
on
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de
fo
r
th
e
in
cl
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n
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e
va
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i
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ia
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ke
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ut
io
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nd
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e
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vi
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(P
LU
AR
G,
19
78
)
ad
-
dr
es
se
s
th
e
im
pa
ct
s
of
va
ri
ou
s
la
nd
us
e
pr
ac
ti
ce
s
on
th
e
Gr
ea
t
La
ke
s.
A
re
co
mm
en
da
ti
on
is
ma
de
fo
r
th
e
de
ve
lo
pm
en
t
of
ma
na
ge
me
nt
pl
an
s
to
re
du
ce
lo
ad
-
in
gs
of
ph
os
ph
or
us
,
se
di
me
nt
s
an
d
to
xi
c
su
bs
ta
nc
es
de
ri
ve
d
fr
om
ag
ri
cu
lt
ur
e
an
d
ur
ba
n
ar
ea
s.
Th
e
ex
te
nt
to
wh
ic
h
th
is
re
co
mm
en
da
ti
on
is
en
do
rs
ed
an
d
im
-
pl
em
en
te
d
by
th
e
va
ri
ou
s
ju
ri
sd
ic
ti
on
s
wi
ll
in
fl
ue
nc
e
th
e
qu
al
it
y
an
d
qu
an
ti
ty
of
se
di
me
nt
s
dr
ed
ge
d
in
th
e
Gr
ea
t
La
ke
s.
Ag
en
ci
es
in
vo
lv
ed
in
th
e
ev
al
ua
ti
on
of
dr
ed
gi
ng
pr
oj
ec
ts
ar
e
ad
vi
se
d
to
re
fe
r
to
th
e
nu
me
ro
us
re
po
rt
s
pr
od
uc
ed
by
PL
UA
RG
,
pa
rt
ic
ul
ar
ly
th
os
e
th
at
pe
r-
ta
in
to
in
te
ns
iv
e
wa
te
rs
he
d
st
ud
ie
s
in
th
ei
r
ju
ri
sd
ic
ti
on
s.
POLLUTION ABATEMENT MEASURES
It
sh
ou
ld
be
re
co
gn
iz
ed
th
at
th
e
de
ve
lo
pm
en
t
an
d
im
pl
em
en
ta
ti
on
of
po
l-
lu
ti
on
co
nt
ro
l
le
gi
sl
at
io
n,
re
gu
la
ti
on
s
an
d
pr
og
ra
ms
(U
.S
.
To
xi
c
Su
bs
ta
nc
es
Co
nt
ro
l
Ac
t,
NP
DE
S
pe
rm
it
pr
og
ra
m,
En
vi
ro
nm
en
ta
l
Co
nt
am
in
an
ts
Ac
t,
Ca
na
da
)
wi
ll
af
fe
ct
th
e
qu
al
it
y
of
se
di
me
nt
s
in
th
e
Gr
ea
t
La
ke
s
an
d
th
er
eb
y
in
fl
ue
nc
e
dr
ed
ge
d
ma
te
ri
al
di
sp
os
al
op
ti
on
s.
Al
so
,
in
cr
ea
se
d
su
rv
ei
ll
an
ce
an
d
im
pr
ov
ed
an
al
yt
ic
al
ca
pa
bi
li
ti
es
ar
e
pr
ov
id
in
g
a
cl
ea
re
r
de
fi
ni
ti
on
of
im
pa
ct
s
as
-
so
ci
at
ed
wi
th
dr
ed
gi
ng
an
d
di
sp
os
al
ac
ti
vi
ti
es
.
  
  
3.
Ex
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ti
ng
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d
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L
E
G
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L
A
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I
O
N
A
N
D
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O
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I
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I
E
S
Th
e
In
te
rn
at
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na
l
Wo
rk
in
g
Gr
ou
p
re
po
rt
of
19
75
in
cl
ud
ed
a
fa
ir
ly
co
mp
—
re
he
ns
iv
e
co
ve
ra
ge
of
th
e
ju
ri
sd
ic
ti
on
al
le
gi
sl
at
io
n
an
d
po
li
ci
es
pe
rt
in
en
t
to
dr
ed
gi
ng
ac
ti
vi
ti
es
in
th
e
Gr
ea
t
La
ke
s.
Th
e
si
gn
if
ic
an
t
ch
an
ge
s
wh
ic
h
ha
ve
oc
cu
rr
ed
si
nc
e
th
at
ti
me
ar
e
di
sc
us
se
d
be
lo
w.
U.S. — FEDERAL
In
19
77
,
am
en
dm
en
ts
to
th
e
Cl
ea
n
Wa
te
r
Ac
t
br
ou
gh
t
ab
ou
t
so
me
ch
an
ge
s
to
Se
ct
io
n
40
4
of
th
e
Ac
t.
Th
e
ch
an
ge
s
ar
e
pr
im
ar
il
y
co
nt
ai
ne
d
wi
th
in
Se
ct
io
ns
40
4
(g
),
(h
),
an
d
(t
).
Al
th
ou
gh
th
e
Co
rp
s
of
En
gi
ne
er
s
re
ta
in
s
pe
rm
it
ti
ng
au
th
or
it
y
fo
r
th
e
tr
ad
it
io
na
ll
y
na
vi
ga
bl
e
wa
te
rs
of
th
e
Un
it
ed
St
at
es
,
Se
ct
io
ns
40
4
(g
)
an
d
(h
)
al
lo
w
th
e
St
at
es
to
as
su
me
th
e
pe
rm
it
ti
ng
au
th
or
it
y
fo
r
th
e
re
ma
in
in
g
wa
te
rs
of
th
e
Un
it
ed
St
at
es
.
Se
ct
io
n
40
4
(t
)
gi
ve
s
a
St
at
e
th
e
au
th
or
it
y
to
is
su
e
pe
rm
it
s
to
fe
de
ra
l
ag
en
ci
es
fo
r
th
e
di
sc
ha
rg
e
of
dr
ed
ge
d
or
fi
ll
ma
te
ri
al
in
an
y
po
rt
io
n
of
th
e
na
vi
ga
bl
e
wa
te
rs
wi
th
in
th
e
ju
ri
sd
ic
ti
on
of
th
e
St
at
e.
Ho
we
ve
r,
th
is
se
ct
io
n
is
no
t
to
be
co
ns
tr
ue
d
as
af
fe
ct
in
g
or
im
pa
ir
in
g
th
e
au
th
or
it
y
of
th
e
Co
rp
s
of
Engineers to maintain navigation.
Th
e
Re
so
ur
ce
Co
ns
er
va
ti
on
an
d
Re
co
ve
ry
Ac
t
of
19
76
ha
s
im
pl
ic
at
io
ns
fo
r
dr
ed
ge
d
ma
te
ri
al
s
di
sp
os
al
.
If
dr
ed
ge
d
ma
te
ri
al
s
ar
e
de
em
ed
to
be
ha
za
rd
ou
s
wa
st
es
by
vi
rt
ue
of
fa
il
in
g
a
pr
es
cr
ib
ed
ex
tr
ac
ti
on
pr
oc
ed
ur
e
te
st
,
th
ey
ar
e
th
en
su
bj
ec
t
to
va
ri
ou
s
re
gu
la
to
ry
re
qu
ir
em
en
ts
go
ve
rn
in
g
th
e
tr
an
sp
or
ta
ti
on
,
st
or
ag
e,
an
d
di
sp
os
al
of
su
ch
wa
st
es
.
Du
e
to
th
e
re
ce
nt
pr
om
ul
ga
ti
on
of
th
e
im
pl
em
en
ti
ng
re
gu
la
ti
on
s
fo
r
th
e
Ac
t,
on
ly
li
mi
te
d
te
st
in
g
of
dr
ed
ge
d
ma
te
ri
al
s
ha
s
be
en
do
ne
so
fa
r
to
de
te
rm
in
e
wh
et
he
r
th
e
ma
te
ri
al
s
we
re
su
bj
ec
t
to the hazardous wastes requirements.
MINNESOTA
Th
e
Mi
nn
es
ot
a
Po
ll
ut
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n
Co
nt
ro
l
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en
cy
(M
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A)
,
wh
ic
h
is
em
po
we
re
d
to
re
g—
ul
at
e
dr
ed
gi
ng
ac
ti
vi
ti
es
th
ro
ug
h
Mi
nn
es
ot
a
St
at
ut
es
,
Ch
ap
te
rs
11
5
an
d
11
6,
ge
ne
ra
ll
y
op
po
se
s
we
tl
an
d
an
d
op
en
wa
te
r
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
.
Su
ch
di
sp
os
al
ma
y
be
co
ns
id
er
ed
fo
r
a
pr
oj
ec
t
wh
ic
h
ca
n
be
th
or
ou
gh
ly
ju
st
if
ie
d
an
d
wh
ic
h
ca
n
be
de
mo
ns
tr
at
ed
to
pr
ov
id
e
be
ne
fi
ts
wh
ic
h
ou
tw
ei
gh
th
e
po
te
nt
ia
l
ne
ga
ti
ve
im
pa
ct
s.
Th
e
MP
CA
ha
s
in
th
e
pa
st
us
ed
th
e
EP
A
Gu
id
el
in
es
fo
r
th
e
Po
ll
ut
io
na
l
Cl
as
si
fi
ca
ti
on
of
Gr
ea
t
La
ke
s
Ha
rb
ou
r
Se
di
me
nt
s
(A
pp
en
di
x
3)
as
pa
rt
of
th
e
in
it
ia
l
ev
al
ua
ti
on
of
a
pr
oj
ec
t.
Ho
we
ve
r,
be
ca
us
e
th
e
gu
id
el
in
es
ha
ve
no
t
be
en
re
la
te
d
to
po
te
nt
ia
l
bi
ol
og
ic
al
im
pa
ct
s
of
th
e
se
di
me
nt
s,
th
ey
ar
e
no
t
us
ed
ex
te
ns
iv
el
y
or
ex
cl
us
iv
el
y.
  
 WISCONSIN
Wi
sc
on
si
n
co
ns
id
er
s
dr
ed
ge
d
ma
te
ri
aT
a
po
II
ut
an
t
an
d
no
op
en
wa
te
r
di
s-
po
sa
T
is
pe
rm
it
te
d.
Th
e
St
at
e
en
co
ur
ag
es
th
e
be
ne
fi
ci
aT
us
es
of
dr
ed
ge
d
ma
te
ri
aI
,
if
av
ai
Ta
bT
e,
bu
t
ot
he
rw
is
e
re
st
ri
ct
s
di
sp
os
aT
to
co
nf
in
ed
or
on
—
I
a
n
d
d
i
s
p
o
s
a
T
s
i
t
e
s
.
ILLINOIS
Th
e
Di
vi
si
on
of
Wa
te
r
Re
so
ur
ce
s
(D
WR
)
of
th
e
De
pa
rt
me
nt
of
Tr
an
sp
or
ta
ti
on
,
fo
IT
ow
in
g
ap
pr
ov
aT
of
th
e
II
Ti
no
is
EP
A,
De
pa
rt
me
nt
of
Co
ns
er
va
ti
on
an
d
th
e
Co
rp
s
of
En
gi
ne
er
s,
is
su
es
pe
rm
it
s
in
co
nj
un
ct
io
n
wi
th
th
e
Co
rp
s
of
En
gi
ne
er
s
pe
rm
it
s.
Th
e
DW
R
is
au
th
or
iz
ed
to
is
su
e
pe
rm
it
s
un
de
r
th
e
II
Ti
no
is
Co
ns
ti
tu
-
ti
on
,
Ar
ti
cT
e
7
of
th
e
re
vi
se
d
st
at
ut
es
,
Ch
ap
te
r
24
,
Di
vi
si
on
12
,
Ch
ap
te
rs
11
an
d
34
,
Se
ct
io
n
30
01
(K
ra
po
hI
,
19
79
).
INDIANA
In
In
di
an
a
bo
th
th
e
St
re
am
Po
II
ut
io
n
Co
nt
ro
T
Bo
ar
d
an
d
th
e
Na
tu
ra
I
Re
so
ur
ce
s
Co
mm
is
si
on
re
vi
ew
dr
ed
gi
ng
pr
oj
ec
ts
.
Th
e
St
at
e
do
es
no
t
ha
ve
sp
e-
ci
fi
c
gu
id
eI
in
es
fo
r
dr
ed
gi
ng
ac
ti
vi
ti
es
bu
t
ha
s
us
ed
th
os
e
of
th
e
U.
S.
EP
A.
MICHIGAN
Th
e
gr
ea
t
ma
jo
ri
ty
of
dr
ed
gi
ng
pr
oj
ec
ts
by
vo
Tu
me
in
Mi
ch
ig
an
ar
e
un
de
r-
ta
ke
n
by
th
e
U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s.
In
or
de
r
to
ac
hi
ev
e
ef
fe
ct
iv
e
co
-
or
di
na
ti
on
an
d
co
mp
Ti
an
ce
wi
th
th
e
Fe
de
ra
T
CT
ea
n
Wa
te
r
Ac
t,
th
e
Co
rp
s'
Pr
oj
ec
t
Re
vi
ew
Co
mm
it
te
e
wa
s
fo
rm
ed
by
th
e
De
pa
rt
me
nt
of
Na
tu
ra
T
Re
so
ur
ce
s
in
Ap
ri
T
19
78
.
Th
is
Co
mm
it
te
e,
ch
ai
re
d
by
th
e
Ch
ie
f
of
th
e
Wa
te
r
Ma
na
ge
me
nt
Di
vi
si
on
,
wi
th
a
re
pr
es
en
ta
ti
ve
fr
om
aT
I
in
te
re
st
ed
di
vi
si
on
s
of
th
e
De
pa
rt
me
nt
,
re
vi
ew
s
aT
I
Co
rp
s
of
En
gi
ne
er
s'
pr
oj
ec
ts
wi
th
in
th
e
St
at
e.
Up
on
ac
ce
pt
an
ce
by
th
e
Co
mm
it
te
e,
th
e
Co
rp
s
is
is
su
ed
a
wa
te
r
qu
aI
it
y
ce
rt
if
ic
at
e
un
de
r
Se
ct
io
n
40
1
of the Act.
Un
de
r
th
is
pr
oc
ed
ur
e
a
"C
oo
rd
in
at
io
n
Ma
nu
aT
"
wa
s
wr
it
te
n
an
d
pu
t
in
to
us
e
to
as
su
re
co
ns
is
te
nt
re
vi
ew
pr
oc
ed
ur
es
.
EP
A
Gu
id
eT
in
es
ar
e
us
ed
fo
r
th
e
p0
1-
Iu
ti
on
cT
as
si
fi
ca
ti
on
of
dr
ed
ge
d
ma
te
ri
aI
du
ri
ng
th
e
in
it
ia
I
ev
aT
ua
ti
on
of
a
project.
OHIO
Th
e
Oh
io
EP
A
re
vi
ew
s
dr
ed
gi
ng
pr
oj
ec
ts
wh
ic
h
fa
il
un
de
r
Se
ct
io
n
40
4
of
th
e
CT
ea
n
Wa
te
r
Ac
t,
or
Se
ct
io
n
10
of
th
e
Ri
ve
rs
an
d
Ha
rb
or
s
Ac
t
of
18
99
.
Ea
ch
pr
oj
ec
t
is
ev
aT
ua
te
d
on
it
s
ow
n
me
ri
ts
in
a
si
te
-s
pe
ci
fi
c
re
vi
ew
.
PENNSYLVANIA
Th
e
De
pa
rt
me
nt
of
En
vi
ro
nm
en
ta
T
Re
so
ur
ce
s
ev
aI
ua
te
s
dr
ed
gi
ng
pr
oj
ec
ts
an
d
wi
TT
aT
Io
w
op
en
wa
te
r
di
sp
os
aT
if
th
e
U.
S.
EP
A
ha
s
de
te
rm
in
ed
th
at
th
e
ma
te
r-
ia
T
to
be
dr
ed
ge
d
is
no
t
po
TI
ut
ed
.
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 NEW YORK
The
Dep
art
men
t
of
Env
iro
nme
nta
l
Con
ser
vat
ion
reg
ula
tes
dre
dgi
ng
und
er
Sec
tio
n
15—
050
5
of
the
Env
iro
nme
nta
l
Con
ser
vat
ion
Law
of
New
Yor
k.
In
spe
cia
l
ca
se
s
the
Ne
w
Yo
rk
Pu
bl
ic
Se
rv
ic
e
Law
,
Ar
ti
cl
e
VI
II
co
ul
d
be
us
ed
to
co
ns
id
er
env
iro
nme
nta
l
imp
act
s
of
the
dre
dgi
ng
ope
rat
ion
and
the
pro
pos
ed
dre
dge
d
ma
te
ri
al
di
sp
os
al
(I
nt
er
na
ti
on
al
Wo
rk
Gr
ou
p,
19
75
).
C
A
N
A
D
A
’
F
E
D
E
R
A
L
Pro
vis
ion
s
wit
hin
the
Fis
her
ies
Act
dea
lin
g w
ith
the
pro
tec
tio
n o
f f
ish
ha
bi
ta
t
ha
ve
be
en
ex
pa
nd
ed
wi
th
am
en
dm
en
ts
ef
fe
ct
iv
e
Se
pt
em
be
r
1,
197
7.
Th
e
new
pro
vis
ion
s p
roh
ibi
t
act
ivi
tie
s
whi
ch
res
ult
in
the
har
mfu
l
alt
era
tio
n,
di
sr
up
ti
on
or
de
st
ru
ct
io
n
of
fi
sh
ha
bi
ta
t
wh
er
e
fi
sh
ha
bi
ta
t
is
de
fi
ne
d
as
spa
wni
ng
gro
und
s a
nd
nur
ser
y,
rea
rin
g,
foo
d s
upp
ly
and
mig
rat
ion
are
as
on
whi
ch
fis
h
dep
end
dir
ect
ly
or
ind
ire
ctl
y
in
ord
er
to
car
ry
out
the
ir
lif
e
pro
-
ces
ses
.
The
Min
ist
er
for
the
Dep
art
men
t o
f F
ish
eri
es
and
Oce
ans
can
cal
l
for
pla
ns
and
spe
cif
ica
tio
ns
of
pro
pos
ed
und
ert
aki
ngs
,
req
uir
e
mod
ifi
cat
ion
s
and
,
if necessary, prohibit a specific undertaking.
The
res
pon
sib
ili
ty
for
adm
ini
ste
rin
g
the
se
pro
vis
ion
s
in
the
Pro
vin
ce
of
Ont
ari
o h
as
bee
n d
ele
gat
ed
to
the
Ont
ari
o M
ini
str
y o
f N
atu
ral
Res
our
ces
.
How
—
eve
r,
som
e f
urt
her
del
ega
tio
n o
f a
uth
ori
ty
is
nec
ess
ary
bef
ore
the
Min
ist
ry
can assume this responsibility in full.
ONTARIO
The
Env
iro
nme
nta
l A
sse
ssm
ent
Act
, p
roc
lai
med
in
197
5,
req
uir
es
a p
rop
one
nt
to
sub
mit
an
env
iro
nme
nta
l a
sse
ssm
ent
to
the
Min
ist
er
of
the
Env
iro
nme
nt
pri
or
to
an
und
ert
aki
ng.
The
pro
jec
t m
ay
not
pro
cee
d
unt
il
the
Min
ist
er
has
ac-
cep
ted
the
env
iro
nme
nta
l
ass
ess
men
t
and
giv
en
app
rov
al
wit
h
the
con
sen
t
of
the
Lie
ute
nan
t G
ove
rno
r
in
Cou
nci
l,
eff
ect
ive
ly,
the
Cab
ine
t.
Pub
lic
hea
rin
gs
may
be
cal
led
at
the
req
ues
t o
f t
he
pub
lic
,
the
pro
pon
ent
or
the
gov
ern
men
t b
efo
re
a decision is reached.
At p
rese
nt,
the
Act
appl
ies
only
to p
rovi
ncia
l a
nd m
unic
ipal
gove
rnme
nt
und
ert
aki
ngs
and,
und
er
"gr
and
fat
her
" p
rov
isi
ons
of
the
Act,
man
y o
f t
hes
e a
re
exem
pt.
It i
s in
tend
ed t
o ap
ply
the
Act
to t
he p
riva
te
sect
or s
ome
time
in
the future.
EXISTING PRACTICES
THE
SI
TE
-S
PE
CI
FI
C
EV
AL
UA
TI
ON
OF
DR
ED
GI
NG
PRO
JEC
TS
Exp
eri
enc
e o
n t
he
Gre
at
Lak
es
sin
ce
197
5 s
upp
ort
s t
he
sit
e-s
pec
ifi
c a
p-
pro
ach
to
pro
jec
t
eva
lua
tio
n
as
rec
omm
end
ed
by
the
Int
ern
ati
ona
l
Wor
kin
g
Gro
up.
The
var
iab
ili
ty
of
dre
dgi
ng
pro
jec
ts,
sed
ime
nt
cha
rac
ter
ist
ics
and
dis
pos
al
sol
uti
ons
evi
den
t
wit
hin
the
Gre
at
Lak
es
Bas
in
nec
ess
ita
tes
suc
h
an
app
roa
ch
and
pre
clu
des
the
app
lic
ati
on
of
a u
niv
ers
al
set
of
cri
ter
ia.
To
as
si
st
in
th
es
e
ev
al
ua
ti
on
s,
bo
th
th
e
U.S
.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
and
the
Ont
ari
o
Min
ist
ry
of
the
Env
iro
nme
nt
hav
e
pro
duc
ed
gui
del
ine
s
for
det
er-
min
ing
the
pol
lut
ion
sta
tus
of
sed
ime
nts
bas
ed
on
bul
k
ana
lys
is
or
tot
al
con
-
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 c
e
n
t
r
a
t
i
o
n
s
of
va
r
i
o
us
s
e
d
i
m
e
n
t
p
a
r
a
m
e
t
e
r
s
(
A
p
p
e
n
d
i
x
3)
.
Th
e
g
ui
d
e
l
i
n
e
s
we
re
n
e
ve
r
in
te
nd
ed
to
be
r
i
g
i
d
l
y
a
p
p
l
i
e
d
bu
t
ar
e
to
be
us
ed
in
c
o
n
j
u
n
c
t
i
o
n
wi
t
h
o
t
h
e
r
s
i
t
e
-
s
p
e
c
i
f
i
c
c
o
n
s
i
d
e
r
a
t
i
o
n
s
,
e.
g.
f
r
e
q
u
e
n
c
y
of
d
r
e
d
g
i
n
g
,
vo
l
um
e
of
m
a
t
e
r
i
a
l
an
d
a
v
a
i
l
a
b
i
l
i
t
y
of
di
sp
os
al
op
ti
on
s.
It
ha
s
be
en
no
te
d
b
y
th
e
I
n
t
e
r
n
a
t
i
o
n
a
l
W
o
r
k
i
n
g
G
r
o
up
in
19
75
an
d
la
te
r
by
th
e
G
r
e
a
t
La
ke
s
W
a
t
e
r
Q
u
a
l
i
t
y
Bo
ar
d
an
d
R
e
s
e
a
r
c
h
A
d
v
i
s
o
r
y
Bo
ar
d
(1
97
8)
(
A
p
p
e
n
d
i
x
4)
an
d,
in
fa
ct
,
by
th
e
g
ui
d
e
l
i
n
e
s
t
h
e
m
s
e
l
ve
s
,
th
at
th
es
e
g
u
i
d
e
l
i
n
e
s
do
no
t
i
n
d
i
c
a
t
e
th
e
p
o
r
t
i
o
n
of
t
h
e
c
o
n
t
a
m
i
n
a
n
t
l
o
a
d
t
h
a
t
is
b
i
o
l
o
g
i
c
a
l
l
y
a
v
a
i
l
a
b
l
e
,
n
o
r
do
t
h
e
y
c
o
n
s
i
d
e
r
na
tu
ra
l
b
a
c
k
g
r
o
un
d
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
s
e
d
i
m
e
n
t
c
o
n
s
t
i
t
u
e
n
t
s
wh
i
c
h
m
a
y
e
xc
e
e
d
th
e
g
ui
d
e
l
i
n
e
s
.
Th
e
g
ui
d
e
l
i
n
e
s
we
re
an
d
ar
e
st
il
l
us
ed
to
t
h
e
e
x
t
e
n
t
th
at
be
tt
er
ev
al
ua
ti
on
te
ch
ni
qu
es
ar
e
no
t
av
ai
la
bl
e
or
pr
ac
ti
se
d.
S
e
d
i
m
e
n
t
c
h
e
m
i
c
a
l
d
a
t
a
a
l
o
n
e
ar
e
no
t
s
u
f
f
i
c
i
e
n
t
to
as
se
ss
p
o
t
e
n
t
i
a
l
e
n
vi
r
-
on
me
nt
al
ch
an
ge
.
It
is
ge
ne
ra
ll
y
ag
re
ed
th
at
th
e
be
st
ev
al
ua
ti
ve
me
ch
an
is
m
w
o
u
l
d
be
so
me
f
o
r
m
of
b
i
o
a
s
s
e
s
s
m
e
n
t
.
B
i
o
a
s
s
e
s
s
m
e
n
t
of
s
e
d
i
m
e
n
t
s
w
o
u
l
d
i
n
c
l
ud
e
de
te
rm
in
at
io
ns
of
ac
ut
e
to
xi
ci
ty
,
re
pr
od
uc
ti
ve
im
pa
ir
me
nt
an
d
co
nt
am
in
an
t
bi
o-
a
c
c
u
m
u
l
a
t
i
o
n
p
o
t
e
n
t
i
a
l
fo
r
s
p
e
c
i
f
i
e
d
a
q
ua
t
i
c
o
r
g
a
n
i
s
m
s
.
U
n
f
o
r
t
u
n
a
t
e
l
y
,
t
h
e
st
at
e—
of
-t
he
-a
rt
is
su
ch
th
at
st
an
da
rd
iz
ed
me
th
od
ol
og
ie
s
an
d
in
te
rp
re
ta
ti
ve
c
r
i
t
e
r
i
a
ar
e
un
a
va
i
l
a
b
l
e
.
CONFINED DISPOSAL
S
i
n
c
e
19
75
t
h
e
r
e
ha
s
be
en
an
i
n
c
r
e
a
s
i
n
g
c
o
m
m
i
t
m
e
n
t
to
t
h
e
us
e
of
c
o
n
f
i
n
e
-
me
nt
fa
ci
li
ti
es
fo
r
dr
ed
ge
d
ma
te
ri
al
.
In
19
78
co
nf
in
ed
di
sp
os
al
wa
s
us
ed
fo
r
a
p
p
r
o
x
i
m
a
t
e
l
y
85
%
an
d
70
%
of
t
h
e
d
r
e
d
g
i
n
g
q
u
a
n
t
i
t
i
e
s
f
r
o
m
U
n
i
t
e
d
S
t
a
t
e
s
an
d
Ca
na
di
an
ac
ti
vi
ti
es
,
re
sp
ec
ti
ve
ly
(W
at
er
Qu
al
it
y
Bo
ar
d,
19
79
).
Th
e
Wo
rk
in
g
G
r
o
up
r
e
p
o
r
t
of
19
75
i
d
e
n
t
i
f
i
e
d
p
o
s
s
i
b
l
e
c
o
n
c
e
r
n
s
wi
th
th
is
f
o
r
m
of
d
i
s
p
o
s
a
l
bu
t
no
te
d
th
at
li
tt
le
in
fo
rm
at
io
n
ha
d
be
en
ga
th
er
ed
on
th
e
en
vi
ro
nm
en
ta
l
co
n-
s
e
q
ue
n
c
e
s
of
c
o
n
f
i
n
i
n
g
c
o
n
t
a
m
i
n
a
t
e
d
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
.
A
su
bs
ta
nt
ia
l
am
ou
nt
of
ex
pe
ri
en
ce
ha
s
be
en
ga
th
er
ed
si
nc
e
19
75
pe
rt
ai
ni
ng
to
th
e
ec
on
om
ic
,
la
nd
us
e
pl
an
ni
ng
an
d
en
vi
ro
nm
en
ta
l
im
pa
ct
s
of
co
nf
in
ed
di
s-
po
sa
l.
Co
nf
in
in
g
co
nt
am
in
at
ed
se
di
me
nt
on
la
nd
or
in
th
e
sh
al
lo
w
ne
ar
sh
or
e
ar
ea
ca
n
be
ef
fe
ct
iv
e
in
th
e
re
te
nt
io
n
an
d
is
ol
at
io
n
of
po
ll
ut
an
ts
(H
oe
pp
el
gt
al
;,
19
78
an
d
Kr
iz
ek
et
al
.,
19
76
).
Th
er
ef
or
e,
it
ca
n
be
an
en
vi
ro
nm
en
ta
ll
y
pr
ef
er
re
d
al
te
rn
at
iv
e
to
op
en
wa
te
r
di
sp
os
al
.
Ho
we
ve
r,
in
so
me
ca
se
s
in
ad
eq
ua
te
si
ti
ng
de
si
gn
an
d/
or
op
er
at
io
n
of
co
nf
in
em
en
t
fa
ci
li
ti
es
ha
s
re
su
lt
ed
in
re
le
as
es
of
co
nt
am
in
an
ts
to
gr
ou
nd
wa
te
r,
st
re
am
s
an
d
se
ns
it
iv
e
ne
ar
sh
or
e
ar
ea
s
(H
ar
ri
so
n
an
d
Ch
is
ol
m,
19
74
;
Ch
en
et
al
.,
19
78
).
Al
so
,
su
bs
ta
nt
ia
l
co
st
s
ar
e
in
vo
lv
ed
an
d
la
nd
us
e
ma
na
ge
me
nt
co
nf
li
ct
s
fr
eq
ue
nt
ly
ar
is
e.
It
ha
s
be
co
me
im
pe
ra
ti
ve
th
at
pr
oj
ec
t
re
vi
ew
ag
en
ci
es
fu
ll
y
as
se
ss
th
e
po
te
nt
ia
l
im
pa
ct
s
of
co
nf
in
ed
di
sp
os
al
du
ri
ng
th
e
ev
al
ua
ti
on
of
di
sp
os
al
options.
WETLANDS
We
tl
an
ds
ha
ve
be
en
im
pa
ct
ed
to
ac
co
mm
od
at
e
ma
ny
ty
pe
s
of
la
nd
us
es
,
in
cl
ud
in
g
in
du
st
ry
,
ho
us
in
g,
tr
an
sp
or
ta
ti
on
,
ag
ri
cu
lt
ur
e
an
d
re
cr
ea
ti
on
.
Im
pa
ct
me
th
od
s
in
cl
ud
e
dr
ed
gi
ng
,
fi
ll
in
g,
br
id
gi
ng
,
dr
ai
na
ge
an
d
co
ns
tr
uc
ti
on
of
di
ke
s
an
d
le
ve
es
.
Su
ch
sh
or
el
in
e
al
te
ra
ti
on
s
an
d
de
ve
lo
pm
en
t
th
at
wa
s
on
ce
ro
ut
in
el
y
pe
rm
it
te
d
is
no
w
th
e
su
bj
ec
t
of
mu
ch
co
nc
er
n.
(
D
 
No accurate data are avaiIabIe on totaI wetIand Ioss. Wetiand definitions
are onIy now being standardized, and our originaI wetIand heritage was never
mapped or inventoried. The extent to which dredge and fiII activities have
contributed to the Ioss of wetIand habitat on the Canadian portion of the
Great Lakes is not known. 0n the U.S. side, it appears that few Iosses can be
directIy attributed to dredging activities. Dredge and fiII impacts on
wetiands as weII as the various reIated poIicies and Iegisiation are described
in Appendix 5.
FILL 0F NON-AQUATIC ORIGIN
Most jurisdictions and agencies do not have specific reguIations or
guideIines governing the dumping of non-aquatic fiII into the Great Lakes and
their tributaries.
In most cases, however, IegisIation does exist which couId
be used or interpreted to reguIate such dumping (see Appendix 6). In generaI,
the same Iaws that reguIate disposaI of dredged materiaIs reguIate disposaI of
fiII of non—aquatic origin. There is a paucity of information on the quality
and quantity of fiII and the Iocation of its source and disposaI sites.
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4. Great Lakes Dredging Activities
INTRODUCTION
The Dredging Register and Summary Tables found in Appendix 7 of this
report meet the requirements of Section 1(b) of Annex 7 of the 1978 Great
Lakes Water Quality Agreement, namely: "Maintain a register of significant
dredging projects being undertaken in the Great Lakes System with information
to allow for the assessment of the environmental effects of the projects. The
register shall include pertinent statistics to allow for the assessment of
pollution loadings from dredged materials to the Great Lakes System.”
The register is presently maintained in a mini-computer system located at
the IJC Great Lakes Regional Office in Windsor, Ontario. Reasonable requests
for copies of specific portions of the register data or summary information
based on the data contained in the register will be filled by the Regional
Office. It is planned to update the register periodically and include ad-
ditional information as identified by users. Suggestions for other kinds of
information to be included or other improvements would be welcomed.
It is estimated that the register contains information on about 95 percent
of all dredging in the Great Lakes Basin. The 5 percent that is probably un-
accounted for can be attributed to small private dredging projects where
volumes were not measured. Also, the user should note that the register only
contains data for those portions of those harbours that were actually dredged
during the 1975—1979 period. Some harbours and portions of harbours that are
among the most contaminated in the Great Lakes Basin (i.e. Waukegan inner
harbor, Sheboygan, Wisconsin; Indiana Harbor, upstream portion of Ashtabula
River, Ohio) do not appear in the register since they were not dredged in this
time period due to a lack of acceptable disposal sites. The register alone
cannot be used directly to rank the harbours from most to least contaminated.
The information contained in the register enables the identification of
Great Lakes dredging sites by country, jurisdiction, basin and year. It
allows one to quantify and locate the volume of material being dredged and, in
so doing, identify areas of intensive and continuous dredging. The data on
chemical concentrations are then used to calculate pollutant loadings and
identify problem areas with contaminated sediment. Over the years as more
information is fed into the register, it should be possible, by analyzing
trends in the volumes and contamination of maintenance dredging sediments, to
be able to estimate the effectiveness of other water quality remedial programs
(particularly PLUARG). Also, the record of disposal sites and the quality of
their dredged materials may prove to be valuable information as witnessed by
the present problem with old industrial and municipal landfills. Finally, the
register will provide a record of dredging costs from excavation to disposal.
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TABLE 1
VOLUMES OF GREAT LAKES DREDGED MATERIALS BY BASIN AND COUNTRY, 1975-1979
      
 
(m3)
BASIN
UNITED STATES
CANADA
TOTAL
% OF TOTAL
Superior
1,080,851
605,254
1,686,105
7
Michigan
3,513,922
0
3,513,922
15
Huron
1,192,663
332,000
1,524,663
7
Erie*
13,517,562
763,487
14,281,049
62
Ontario
1,225,759
805,353
2,031,112
9
TOTAL
20,530,757
2,506,094
23,036,851
100
*Lake Erie incIudes Lake St. CTair dredging.
TABLE 2
GREAT LAKES DREDGING VOLUMES, 1975-1979
(m3)
YEAR
UNITED
STATES
CANADA
TOTAL
1975
4,752,102
345,355
5,097,457
1976
4,296,151
228,312
4,524,463
1977
3,933,984
787,762
4,721,746
1978
3,709,774
954,373
4,664,147
1979
3,838,746
190,292
4,029,038
TOTAL
20,530,757
2,506,094
23,036,851
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 volumes have been much more variable and do not follow any apparent trend.
The total volumes dredged in the Great Lakes has been relatively constant over
this five-year period.
Figure 3 illustrates the contributions of each of the Great Lakes to the
total dredged volume and the importance of each country to the dredging
volumes moved in each lake.
Lake Erie clearly dominates Great Lakes dredging,
accounting for 62% of the total volumes. Lake Michigan accounts for 15%, Lake
Ontario 9%, and Lakes Superior and Huron each are responsible for 7%.
Table 3 summarizes the locations, volumes and rankings of the largest
dredging sites in each of the countries.
Toledo Harbor is by far the largest
single dredging project site for the five-year period, almost doubling the
volumes moved at the second largest site, the Cuyahoga River-Cleveland, also
on Lake Erie. The first 11 sites in the ranking are in the United States.
Thunder Bay, Ontario places 12th overall as Canada's largest volume dredging
site.
  
TABLE 3
LOCATIONS 0F LARGEST TOTAL DREDGING VOLUMES BY COUNTRY, 1975-1979
(1000 m3)
UNITED STATES CANADA
Rank # Location Volume Rank # Location Volume
1 Toledo Harbor 4,150 12 Thunder Bay 580
2
Cuyahoga River-Cleveland
2,160
20
S.E. Bend Cut-off
330
3 L. Erie Sailing Course, 21 Hamilton 270
Mich. & Ohio 1,170 23 Port Stanley Harbour 230
4 Saginaw 1,080 27 Goderich 200
5 Rochester Harbor 990 31 Whitby 190
6 Buffalo Harbor 940
7 Green Bay Harbor 930
  
DISPOSAL OF DREDGED MATERIAL
Traditionally, for maximum economy, disposal of Great Lakes dredged
materials has taken place at the most‘convenient of designated open water dump-
ing locations. Since the early 1970's, this practice has only been permitted
in those situations where environmental assessment indicates that the probable
adverse effects can be considered acceptable. When contaminated sediments are
to be disposed of, alternatives to open water dumping need to be found. These
include upland and unconfined land disposal, confined (nearshore) disposal,
beach nourishment or re-use (Appendix 2).
As shown in Table 2, annual volumes of dredged materials being disposed in
the Great Lakes Basin varied from about 5,000,000 m3 in 1975 to 4,000,000 in
1979. The use of confined disposal for dredged materials increased from about
2,000,000 m3 in 1975 to about 3,100,000 in 1979. Similarly, upland disposal
increased from 24,000 to 88,000 m3 during the same time span. Conversely,
\
Fig. 3 VOLUME OF MATERIAL DREDGED (1975 “1979)
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 the use of open lake disposal decreased from about 2,950,000 in 1975 to 780,000
m3 in 1979. Beach nourishment volumes have remained relatively stable except
for 1978, when it was not used at all. Finally, the re-use disposal option was
not utilized in any of the years (Appendix 7.3).
As shown in Table 4, during the 1975-1979 period over 13 million m3 or 58
percent of Great Lakes dredged materials were disposed of in confined facil-
ities and almost 9,000,000 m3 or 39 percent were still disposed of in the
open lake. In comparison, upland and beach were insignificant and, re-use was
non-existent. [To arrive at the net losses of sediments to the Great Lakes,
upland and confined disposal were combined]. This shows that 61% of the
materials are removed from the aquatic environment, and only 39% of the total
volume dredged is disposed of at a location in the aquatic environment (i.e.,
open lake dumping plus beach nourishment). It is also interesting to note that
the mix of disposal methods is almost identical for the two countries with only
slight differences of 3% for confined, 2% for open lake, and 3% for beach
disposal methods.
 
TABLE 4
DISPOSAL OF GREAT LAKES DREDGED MATERIALS, 1975-1979
m
DISPOSAL % 0F U.S. % 0F CDN. % 0F G.L.
TYPE U.S. TOTAL CANADA TOTAL TOTAL TOTAL
Upland 521,370 3 70,490 3 591,860 3
Confined 11,845,182 58 1,409,425 56 13,254,607 58
Beach 212,360 1 92,800 4 305,160 1
Open Lake 7,951,845 39 933,379 37 8,885,224 39
Re—use 0 O 0
TOTAL 20,530,757 101 2,506,094 100 23,036,851 101
      
POLLUTANT LOADINGS
By virtue of their locations, harbours and shipping channels receive a
variety of municipal, industrial and in many cases, tributary pollutant load-
ings which are often reflected in their sediments. Pollutants in materials
dredged from harbours cannot be completely viewed as a loading to the lacust-
rine system. A certain portion of this sediment is located in zones of
resuspension and is already an active component of the materials and chemical
load circulating in the Great Lakes system. Similarly pollutants near the
sediment surface may be actively cycled from solid to aquatic to biotic phases
of the system and are hence not a new loading. For these portions of the
pollutant burden in harbour sediments, dredging is simply a transport phenom-
enon more akin to longshore sediment movement, or propellor wash in shipping
channels than a direct loading to the lake system. For that component of the
total load of pollutants in dredged materials that is not cycling actively in
the lacustrine environment (i.e., sediments in depositional areas below the
zone of physical/chemical and biological interaction) the act of dredging and
disposal in the lake is a loading in the same sense as tributary loading,
21
 
atmospheric deposition or direct municipal industrial discharges. It has been
possible to use information from the dredging register to determine the
magnitude of total pollutant burdens in dredged materials. However, it has
not been possible to isolate the components which should be viewed as
transported load from that portion which should be viewed as a direct loading,
nor has it been possible to account for the portion of each loading estimate
that is bioavailable.
Using dredged materials volumes, density of dredged materials and sediment
quality data (from the dredging register in Appendix 7), as well as estimates
of background concentrations in sediments for dredged materials where sediment
quality information is lacking (see Table 5), it is possible to estimate the
total load of selected pollutants in dredged materials by:
T = (D X Q x C)
where:
T = load of pollutant in dredge material (tonnes)
D = weighted average density of dredge materials (tonnes/m3)
Q = total quantity of dredge materials (m3)
C = weighted average concentration of contaminant in dredge material
(pg/g) or an estimate of the background concentration where no
measurement is available.
The total load estimates generated in this manner are conservative. The
dred ing register probably excludes some of the smaller dredging jobs
(<5% . The use of bluff material and non—depositional zone sediment
chemical concentrations where the actual dredged sediment chemistry was not
available also tends to underestimate loadings.
Table 6 sunmarizes the estimates of the total pollutant loadings in
materials dredged during the 1975—1979 periodfor each of the Great Lakes
basins. Table 7 provides an estimate of the average annual pollutant load in
dredged materials for the same period.
Table 8 provides an estimate of total loads of selected pollutants in
dredged materials disposed in the aquatic environment during the 1975-1979
period. Table 9 reduces these values to an average annual loading estimate
for each basin for water disposed dredged materials.
With large portions (61%) of dredged materials being placed in confined
disposal facilities or in upland disposal sites, it is important to examine
dredging as a process by which pollutants are removed from the Great Lakes.
Disposal of polluted dredged materials in confined facilities and upland
disposal sites has considerably reduced the loads of pollutants transported to
the open lakes via dredging. Table 10 summarizes estimates of the pollutant
loads removed via dredged materials confinement and out-of-water disposal over
the 5-year period covered by the dredging register. Table 11 reduces these
values to an estimate of average annual loads on a basin-by-basin basis.
Table 12 provides the percent reduction in the potential pollutant loading in
each Great Lake due to upland and confined dredge spoil disposal.
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 TABLE 5
VALUES USED AS BACKGROUND CONCENTRATIONS FOR CALCULATIONS OF
POLLUTANT LOADINGS NHEN ACTUAL MEASUREMENTS ARE NOT AVAILABLE
(pg/g unTess otherwise noted)
LAKE LAKE LAKE LAKE LAKE
ONTARIO ERIE*** HURON MICHIGAN SUPERIOR
PCB*
*
0.0
0.0
0.0
0.0
0.0
Hg 0.020 0.20 0.023 *0.057 *0.053
Pb 18 17 18 *11 *26
Cu 19 15 18 * 6 *49
Zn
42
46
29
*31
*63
Ni 17 18 15 *13 *72
Cr
18
38
21
*21
*124
Cd 1.5 1.3 1.2 *0.9 *0.8
As
2.6
6.1
4.2
*9.
4
*1.
3
% VoTatiIe SoIids**** 1.20 1.52 *1.38 *1.03 *1.41
T.P.
(mg/
g)
0.56
7
0.65
4
0.43
6
*0.2
62
*0.5
24
      
ATT vaTues are average bTuff concentrations reported by Haras and Thomas
(1978) except where indicated.
*VaTues are average concentrations in sediments of the non-de ositionaT
are
as
of
the
Tak
es
as
rep
ort
ed
by
Cah
iTT
(19
81)
for
Lak
e M
ic
1ga
n,
and
the Upper Lakes Reference Group (1977) for Lakes Huron and Superior.
**Assumes no PCBs in sediment as background.
***IncTudes Lake St. CTair.
****VoTatiTe soTids vaTues are based upon estimates of percent organic carbon
muTt
ipTi
ed b
y a
fact
or
of 1
.72
(aft
er T
homa
s an
d Mu
droc
k (
1979
)).
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 TABLE 6
ESTIMATES
OF
TOTAL
POLLUTANT
LOADINGS
IN
MATERIALS
DREDGED
FROM
1975-1979
IN
EACH
OF
THE
GREAT
LAKES
(t)
        
BASIN
POLLUTANT
SUPERIOR
MICHIGAN
HURON
ERIE
ONTARIO
TOTAL
VoIatTIe
SOITds
99,664
360,958
164,884
1,383,431
115,114
2,124,052
PCBS
0.27
4.20
3.61
5.42
0.47
13.97
Hg
0.79
2.07
0.53
7.05
0.29
10.72
Pb
48.97
552.70
68.70
1,515.53
107.70
2,293.60
Cu
167.33
145.70
49.42
1,283.28
84.11
1,729.84
Zn
173.89
827.84
439.86
6,592.65
361.40
8,395.64
NT
86.68
115.84
342.19
1,052.44
73.18
1,670.33
Cr
89.26
250.66
170.62
1,478.14
92.34
2,081.02
Cd
5.26
12.88
16.26
122.79
7.73
164.92
As
4.54
41.26
10.04
238.16
19.02
313.03
TotaT
P
1,229.21
3,621.57
1,674.45
21,866.84
1,905.44
30,297.52
,
TABLE 7
ESTIMATES
OF
AVERAGE
ANNUAL
POLLUTANT
LOADINGS
IN MATERIALS
DREDGED
FROM
1975-1979
IN
EACH
OF
THE
GREAT
LAKES
(t)
BASIN
POLLUTANT
SUPERIOR
MICHIGAN
HURON
ERIE
ONTARIO
TOTAL
VoTatTTe
$01105
19,933
72,192
32,977
276,686
23,023
424,810
PCBs
0.05
0.84
0.72
1.08
0.09
2.79
Hg
0.16
0.41
0.11
1.41
0.06
2.14
Pb
9.79
110.54
13.74
303.11
21.54
458.72
Cu
33.47
29.14
9.88
256.66
16.82
345.97
Zn
34.79
165.57
87.97
1,318.53
72.28
1,679.13
NT
17.34
23.17
68.44
210.49
14.64
334.07
Cr
17.85
50.13
34.12
295.63
18.47
416.20
Cd
1.05
2.58
3.25
24.56
1.55
32.98
As
0.91
8.25
2.01
47.63
3.80
62.61
TotaT
P
245.84
724.31
334.89
4,373.37
381.09
6,059.50
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 TABLE 8
ESTIMATES OF TOTAL POLLUTANT LOADINGS IN DREDGED MATERIALS
AND DISPOSED IN WATER, 1975-1979
(open water dumping, pTus beach nourishment) (t)
     
 
BASIN
POLLUTANT SUPERIOR MICHIGAN HURON ERIE ONTARIO TOTAL
VOTatTTe
SoTIds 49,038 60,763 21,985 373,523 65,902 571,213
PCBs 0.04 0.03 0.29 0.80 <0.01 1.
Hg 0.45 0.62 0.06 3.38 0.20 4.
Pb 21.41 93.10 21.7 314.86 63.34 514.
Cu
134.4
7
50.78
13.08
322.3
0
54.14
574.
Zn 96.00 140.89 35.75 1,213.40 239.20 1,725.
NT 53.57 61.13 23.34 397.58 40.72 576.
Cr 46.09 96.43 17.92 374.67 39.84 574.
Cd 3.25 6.24 1.39 29.40 6.41 46.
AS 2.28 17.18 2.73 55.16 16.29 93.
Tota
T P
717.
26
805.
51
268.
77
5,25
0.43
1,29
4.89
8,34
1.
TABLE 9
ESTIMATES OF AVERAGE ANNUAL POLLUTANT LOADINGS IN DREDGED MATERIALS
DISPOSED IN WATER, 1975-1979
(open Take dumping and beach nourishment) (t)
 
 
 
BASIN
POLLUTANT SUPERIOR MICHIGAN HURON ERIE ONTARIO TOTAL
VolatTTe
SOTids 9,808 12,153 4,397 74,705 13,180 114,241
PCBS
<0.01
<0 01
0.06
0.16
<0.01
0.23
Hg 0.09 0.12 0.01 0.68 0.04 0.94
Pb 4.28 18.62 4.36 62.97 12.67 102.90
Cu 26.89 10.16 2.62 64.46 10.83 114.95
Zn 19.20 28.18 7.15 242.68 47.84 345.05
NT
10.71
12.23
4.67
79.52
8.14
115.2
7
Cr 9.22 19.29 3.58 74.93 7.97 114.99
Cd
0.65
1.25
0.28
5.88
1.28
9.34
AS 0.46 3.44 0.55 11.03 3.26 18.73
Tota
T P
143.
25
161.
10
53.7
5
1,05
1.29
258.
98
1,66
8.37
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 TABLE 10
ESTIMATES OF TOTAL POLLUTANT LOADINGS IN DREDGED MATERIALS
DISPOSED OUT OF WATER, 1975-1979 (t)
 
 
  
 
 
 
 
BASIN
POLLUTANT SUPERIOR MICHIGAN HURON ERIE ONTARIO TOTAL
VoIatiTe
SOTids 50,626 300,195 142,899 1,009,908 49,211 1,552,839
PCBS 0.24 4.17 3.31 4.63 0.47 12.82
Hg 0.33 1.45 0.47 3.66 0.09 6.00
Pb 27.56 459.60 46.91 1,200.67 44.36 1,779.10
Cu 32.86 94.92 36.34 960.98 29.97 1,155.07
Zn 77.88 686.95 404.11 5,379.25 122.21 6,670.40
NT 33.10 54.71 318.85 654.86 32.45 1,093.98
Cr 43.19 154.23 152.70 1,103.47 52.50 1,506.07
Cd 2.01 6.64 14.87 93.39 1.33 118.24
As 2.26 24.09 7.32 183.00 2.73 219.39
TotaT P 513 2,816 1,406 16,610 611 21,956
TABLE 11
ESTIMATES OF AVERAGE ANNUAL POLLUTANT LOADINGS IN DREDGED MATERIALS
DISPOSED OUT OF WATER, 1975—1979 (t)
BASIN
POLLUTANT SUPERIOR MICHIGAN HURON ERIE ONTARIO TOTAL
VOTatiTe
SOTidS 10,125 60,039 28,580 201,982 9,842 310,567
PCBs 0.05 0.83 0.66 0.93 0.09 2.56
Hg 0.07 0.29 0.09 0.73 0.02 1.20
Pb 5.51 . 91.92 9.38 240.13 8.87 355.82
Cu 6.57 18.98 7.27 192.20 5.99 231.01
Zn 15.58 137.39 80.82 1,075.85 24.44 1,334.08
N 6.62 10.94 63.77 130.97 6.49 218.80
Cr 8.64 30.85 30.54 220.69 10.50 301.21
Cd 0.40 1.33 2.97 18.68 0.27 23.65
As 0.45 4.82 1.46 36.60 0.55 43.88
TotaT P 102.59 563.21 281.14 3,322.08 122.11 4,390.13
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 TABLE 12
PERCENT OF ESTIMATED TOTAL DREDGED MATERIALS POLLUTANT LOADINGS
PLACED IN CONFINED 0R UPLAND DISPOSAL, 1975-1979
  
 
  
 
BASIN TOTAL
POLLUTANT SUPERIOR MICHIGAN HURON ERIE ONTARIO GREAT LAKES
VOTatTTe SoTids 51 83 87 73 43 73
PCBS 87 99 92 85 100 92
Hg 42 70 89 52 30 56
Pb 56 83 68 79 41 78
Cu 20 65 73 75 36 67
Zn 45 83 92 82 34 79
NT 38 47 93 62 44 65
Cr 48 62 90 75 57 72
Cd 38 52 91 76 17 72
As 50 58 73 77 14 70
TotaT P 42 78 84 76 32 72
TABLE 13
LAKE SUPERIOR ELEMENTAL LOADINGS FROM VARIOUS SOURCES COMPARED NITH
ESTIMATED ANNUAL LOADINGS IN DREDGED MATERIALS (t/year)
TOTAL DIRECT HATER DISPOSED
ELEMENT TOTAL MUNICIPAL & ATMOSPHER102 TOTAL DREDGED DREDGED MATERIALS
TRIBUTARY2 INDUSTRIAL1 MATERIALS LOAD LOAD
P 2,830 391 800 246 143
Hg 15.5 0.13 0.81 0.16 0.09
Pb 1,106 3.7 650 9.8 4.28
Cd 351 3.3 55 1.1 0.7
Cu 1,015 11.6 369 33.5 26.9
Zn 1,372 65.4 - 34.8 19.2
Cr 792 0.79 — 17.9 9.2
N1 613 11.2 120 17.3 10.7
  
 
  
1IJC (1979).
2IJC (1976).
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 TABLE 14
LAKE MICHIGAN ELEMENTAL LOADINGS FROM VARIOUS SOURCES COMPARED WITH
ESTIMATED ANNUAL LOADINGS IN DREDGED MATERIALS (t/year)
     
 
 
TOTAL DIRECT
ELEMENT MUNICIPAL & SHORE TOTAL DREDGED WATER DISPOSED
INDUSTRIAL EROSION ATMOSPHERIC TRIBUTARY MATERIALS DREDGED MATERIALS
P 1,4722 3,7003 1,7003 2,0003 724 161
Hg - - - - 0.4 0.12
Pb 18.9-23.131 2681 1,3051 - 110.5 18.6
Cd 6.5‘ — 43‘ - 2.6 1.3
Cu 23.4-35.4l — 285‘ - 29.1 10.2
Zn 110.8-146.71 - 1,769.l — 165.6 28.2
Cr — - — — 50.1 19.3
Ni - - - - 23.2 12.2
PCB — - 7.6“ .75“ 0.84 <o.01
1SuTIivan et a1. (1980).
2IJC (1979).
3Sonzogni et a). (1979).
“Sonzogni et a1. (1978L
TABLE 15
LAKE HURON ELEMENTAL LOADINGS FROM VARIOUS SOURCES COMPARED WITH
ESTIMATED ANNUAL LOADINGS IN DREDGED MATERIALS (t/year)
 
 
TOTAL TOTAL
CANADIAN DIRECT ANTHRO— DREDGED WATER DISPOSED
ELEMENT SHORELINE TOTAL MUNICIPAL ATMOS— POGENIC NATURAL TOTAL MATERIALS DREDGED MATERIALS
EROSION1 TRIBUTARY1 & INDUST.“ PHERIC2 LOADING3 LOADING3 LOADING3 LOAD LOADING -
P 131 3,970 271 620 1,460 3,290 4,750 335 53.8
Hg .007 4.4 .122 - 0.34 0.42 0.76 0.11 0.01
Pb 5.3 1,205 8.4 781.6 400 120 520 13.7 4.4
Cd 0.35 796 1.6 79.0 3 5 8 3.3 0.3
Cu 5.2 1,359 14.1 759.7 125 110 235 9.9 2.6
Zn 8.4 1,319 172.8 - 520 275 795 88.0 7.2
Cr 6.0 592 4.8 — - - — 34.1 3.6
Ni 4.2 1,479 11.0 210.0 - — - 68.4 4.7
      
 
   
‘Thomas and Haras (1978).
2IJC (1976).
3Kemp and Thomas (1976).
“IJC (19791
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 TABLE 16
LAKE ERIE ELEMENTAL LOADINGS FROM VARIOUS SOURCES COMPARED WITH
ESTIMATED ANNUAL LOADINGS IN DREDGED MATERIALS (t/year)
  
 
  
 
 
 
 
CANADIAN TOTAL DIRECT WATER DISPOSED
ELEMENT SHORELINE MUNICIPAL & ANTHROPOGENIC NATURAL TOTAL TOTAL DREDGED DREDGED MATERIALS
EROSIONl INDUSTRIAL3 ATMOSPHERIC“ LOADINGl LOADING1 LOADINGl MATERIALS LOAD* LOADING*
P 5,912 6,098 800 5,290 8,793 14,083 4,373 1,051.3
Hg 0.165 - - 5.7 0.6 6.3 1.41 0.68
Pb
150
—
2,200
889
263
1,152
303.1
63.0
Cd 11 - 150 28 15 43 24.6 5.9
Cu 133 — 330 287 314 601 256.7 64.5
Zn
398
-
—
2,140
1,041
3,181
1,318.5
242.7
Cr 329 - — - - 879 295.6 74.9
Ni 160 140 - - 772 210.5 79.5
As 85 - — - - 12.12 47.6 11.0
1Thomas and Haras (1978).
2Thomas and Mudroch (1979).
3IJC (1979).
“Acres ConsuIting Services (1977).
*IncIudes Lake St. CIair Ioadings.
TABLE 17
LAKE ONTARIO ELEMENTAL LOADINGS FROM VARIOUS SOURCES COMPARED WITH
ESTIMATED ANNUAL LOADINGS IN DREOGED MATERIALS (t/year)
 
 
CANADIAN TOTAL DIRECT NATER DISPOSED
ELEMENT SHORELINE MUNICIPAL &
ANTHROPOGENIC NATURAL TOTAL
TOTAL DREDGED DREDGED MATERIALS
EROSIONl INDUSTRIAL“ ATMOSPHERIC2 LOADING1 LOADINGl LOADING1 MATERIALS LOAD LOADING
P 777 2,714 480 4,160 3,680 7,840 381 259
Hg 0.028 - — 11.8 0.8 12.6 0.06 0.04
Pb 26.2 - 280 895 95 990 21.5 12.7
Cd 2.1 - 45 20 4 24 1.6 1.3
Cu 26.7 — 72 290 150 440 16.8 10.8
Zn 60.2 - - 2,090 380 2,470 72.3 47.8
Cr 26.2 — - - - 264 18.5 8.0
Ni 24.4 — 19 — — 267 14.6 8.1
AS 3.73 — — - - 19.93 3.8 3.3
PCB - — — — - 0.353 0.09 <0.01
  
 
    
 
lThomas & Haras (1978).
2Acres ConsuIting Services (1977).
3Thomas & Mudroch (1979).
“IJC (1979).
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It is recognized that pollutant bioavailability and, thus, the impact of
the pollutants, varies widely among the various loading sources. However, for
perspective, pollutant loadings from other sources (e.g. atmospheric deposi-
tion, municipal and industrial diScharges, tributary loadings) have been
canpared to the annual potential loads in dredged materials (i.e. assuming all
dredged materials were dumped in open water) and estimates of the average
annual loads of pollutants in dredged materials actually dumped in the aquatic
environment for the 1975-1979 period (Tables 13 to 17). It should be noted
that, since the loadings for sources other than dredging are derived from
various references using differing methodologies and data bases, they may not
be additive in a mass balance fashion.
The contribution of selected pollutants to each of the Great Lakes basins
is discussed below.
VOLATILE SOLIDS
Of the 86 locations reporting volatile solids the highest average concen—
trat
ions
are
foun
d at
Knif
e Ri
ver
Harb
or,
Minn
esot
a (#
63)
with
33%;
Whit
by,
Ontario (#18) 18%; and Rouge River, Michigan (#6) 14%. With its overwhelming-
ly large quantity of dredged materials and relatively high average concentra-
tion, Toledo, Ohio has more than twice the total potential load of any other
location with over 500,000 t. Other significant loads are found at Cuyahoga
River/Cleveland, Ohio (234,000 tonnes), Saginaw R., Michigan (148,000) and
Green Bay Harbor, Wisconsin (133,000).
The 86 locations reporting volatile solid analyses represent 94% of the
volu
me d
redg
ed i
n th
e Gr
eat
Lake
s du
ring
the
regi
ster
peri
od.
The
6% o
f th
e
dredged materials without measured volatile solids concentrations were given,
for the purpose of calculating an estimate of the total volatile solids
burden, an appropriate background concentration from Table 5. This 6%
accounts for 1.5% of the total estimated volatile solids loading in Great
Lakes dredged materials. The total estimated volatile solid loadings (t) to
the Great Lakes by basin and country is:
 
BASIN UNITED STATES CANADA TOTAL
Superior 83,132 16,532 99,664
Michigan 360,958 - 360,958
Huron 152,884 12,000 164,884
Erie 1,345,408 38,023 1,383,431
Ontario 61,135 53,979 115,114
TOTAL 2,003,517 120,535 2,124,052
    
An estimate of the burden of the volatile solids in the dredged materials
disposed of in the aquatic environment has been compiled by adding the
volatile solids loading associated with dredged materials dumped in open water
with that used for beach nourishment. Basin and country estimates for
in-water dumped materials are summarized below:
«
W
y
n
-
m
f
g
  
VOLATILE SOLIDS (t) DISPOSED OF IN THE AQUATIC ENVIRONMENT
UNITED
BASIN STATES CANADA TOTAL
Superior 34,467 14,571 49,038
Michigan 60,763 - 60,763
Huron 11,333 10,652 21,985
Erie 369,524 3,999 373,523
Ontario 60,275 5,627 65,902
TOTAL 536,362 34,850 571,213
    
Estimates of the voTatiTe soTid Toad in dredge materiaT removed from the
aquatic environment and pTaced in confined disposaT faciTities or upTand
disposaT sites are sunmarized by country for each Great Lakes basin beTow:
VOLATILE SOLIDS (t) DISPOSED 0F OUT OF THE AQUATIC ENVIRONMENT
UNITED
BASIN STATES CANADA TOTAL
Superior 48,665 1,961 50,626
Michigan 300,194 — 300,194
Huron 141,551 1,348 142,899
Erie 975,884 34,024 1,009,908
Ontario 860 48,351 49,211
TOTAL 1,467,155 85,684 1,552,839
  
TOTAL PHOSPHORUS (P)
0f the 71 Tocations reporting totaT P, the highest average concentrations
were found at Michigan City Harbor, Indiana (#21) 3.7 mg/g; WheatTey, Ontario
(#25) 2.3; and Lorain, Ohio (#1) 2.2. The Targest totaT Toads were caTcuTated
to be at Cuyahoga River/CTeveTand, Ohio (6,300 t) and ToTedo, Ohio (5,800 t).
These two Tocations aTone account for 40% of the totaT Toad in Great Lakes
dredged materiaTs.
The 71 Tocations reporting actuaT sediment anaTyses for totaT phosphorus
represent 84.5% of the materiaTs dredged in the Great Lakes during the
1975-1979 period. The 15.2% of dredged materiaTs for which sediment anaTysis
is unavaiTabTe were given the appropriate background concentration from TabTe
5 and account for 8.6% of the totaT Great Lakes dredged materiaTs totaT P Toad.
The totaT phosphorus Toad (t) in Great Lakes dredged materiaTs by basin
and country is:
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BAS
IN
UNI
TED
STA
TES
CAN
ADA
TOT
AL
Sup
eri
or
808
422
1,2
29
Michigan 3,622 - 3,622
Hur
on
1,4
89
186
1,6
74
Eri
e
20,
928
939
21,
867
Ont
ari
o
1,1
49
756
1,9
05
TOT
AL
27,
995
2,3
02
30,
298
Bas
in
est
ima
tes
for
pho
sph
oru
s
loa
din
gs
in
dre
dge
d m
ate
ria
ls
pla
ced
in
water are summarized by country below:
  
PHO
SPH
ORU
S (
t)
DIS
POS
ED
OF
IN
THE
AQU
ATI
C E
NVI
RON
MEN
T
UNITED
BAS
IN
STA
TES
CAN
ADA
TOT
AL
Sup
eri
or
367
349
716
Mic
hig
an
806
-
806
Hur
on
102
167
269
Eri
e
5,1
54
102
' 5
,25
6
Ont
ari
o
1,1
42
153
1,2
95
TOT
AL
7,5
72
770
8,3
42
   
Bas
in
est
ima
tes
for
P d
isp
ose
d
of
out
of
the
aqu
ati
c
env
iro
nme
nt
are
sumnarized by country below:
PHO
SPH
ORU
S (
t)
DIS
POS
ED
OF
OUT
OF
THE
AQU
ATI
C E
NVI
RON
MEN
T
UNITED
BAS
IN
STA
TES
CAN
ADA
TOT
AL
Sup
eri
or
440
73
513
Michigan 2,816 - 2,816
Huron 1,387 19 1,406
Erie 15,773 837 16,610
Ontario 7 603 611
TOTAL 20,424 1,532 21,956
     
Lake
Supe
rior
phos
phor
us
load
s in
wate
r di
spos
ed d
redg
ed m
ater
ials
are
37%
as
lar
ge
as
the
dir
ect
mun
ici
pal
-in
dus
tri
al
loa
din
gs.
The
tot
al
pot
ent
ial
load
in
dre
dge
d m
ate
ria
ls
(if
all
dre
dge
d m
ate
ria
ls
wer
e d
isp
ose
d i
n w
ate
r)
is
abou
t 63
% of
the
dire
ct m
unic
ipal
-ind
ustr
ial
load
ing.
In c
ompa
riso
n wi
th
atmo
sphe
ric
load
ing
and
trib
utar
y lo
adin
g, w
ater
disp
osed
dred
ged
mate
rial
s
loadings are small, 5 and 18%, respectively (see Table 13).
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 Com
par
ing
the
loa
din
g t
o L
ake
Mic
hig
an,
if
all
dre
dge
d m
ate
ria
ls
wer
e
pla
ced
in
aqu
ati
c
dis
pos
al,
we
see
tha
t
dre
dgi
ng
wou
ld
be
sma
lle
r
tha
n
sho
re
ero
sio
n
(20
%),
tri
but
ary
loa
din
g (
36%
),
atm
osp
her
ic
loa
din
g (
43%
),
and
dir
ect
mun
ici
pal
and
ind
ust
ria
l d
isc
har
ges
(49
%).
The
pho
sph
oru
s
loa
ds
in
dre
dge
d
mat
eri
al
dis
pos
ed
in
wat
er
are
sma
ll:
11%
as
lar
ge
as
dir
ect
mun
ici
pal
and
ind
ust
ria
l
dis
cha
rge
, 9
% o
f a
tmo
sph
eri
c
loa
din
gs,
8%
of
tri
but
ary
loa
din
g,
and
4% the size of shore erosion loading (see Table 14).
Pho
sph
oru
s i
n d
red
ged
mat
eri
als
dis
pos
ed
in
wat
er
in
Lak
e H
uro
n r
epr
ese
nt
a l
oad
onl
y 1
% a
s l
arg
e a
s t
ota
l t
rib
uta
ry
loa
din
gs,
20%
of
ind
ust
ria
l
and
mun
ici
pal
loa
ds
and
9%
of
atm
osp
her
ic
loa
din
g
(se
e T
abl
e
15)
.
How
eve
r,
tot
al
pot
ent
ial
loa
ds
in
dre
dge
d m
ate
ria
ls
in
Lak
e H
uro
n e
xce
ed
tho
se
fro
m m
uni
cip
al
and
ind
ust
ria
l d
isc
har
ges
and
are
abo
ut
50%
as
lar
ge
as
atm
osp
her
ic
loa
din
gs.
Lak
e E
rie
wat
er
dis
pos
ed
dre
dge
d m
ate
ria
ls
ave
rag
e a
nnu
al
loa
din
g o
f p
hos
—
pho
rus
exc
eed
s a
tmo
sph
eri
c
inp
uts
but
is
les
s t
han
20%
of
dir
ect
mun
ici
pal
and
indu
stri
al d
isch
arge
s.
Tota
l po
tent
ial
dred
ged
mate
rial
s lo
ad i
s al
most
as
gre
at
as
the
mun
ici
pal
and
ind
ust
ria
l l
oad
ing
to
the
lake
and
is
mor
e t
han
fou
r t
ime
s
the
ava
ila
ble
est
ima
tes
for
ann
ual
atm
osp
her
ic
loa
din
g t
o L
ake
Eri
e
(Table 16).
Wat
er
dis
pos
ed
dre
dge
d m
ate
ria
ls
con
tri
but
ed
ave
rag
e a
nnu
al
loa
din
gs
gre
ate
r t
han
54%
the
siz
e o
f a
tmo
sph
eri
c
loa
din
gs
dur
ing
the
197
5-1
979
per
iod
to
Lak
e O
nta
rio
.
Dir
ect
loa
ds
in
wat
er
dis
pos
ed
dre
dge
d m
ate
ria
ls
wer
e
muc
h
smaller than direct municipal and industrial loadings (<10%)- TOta1
pot
ent
ial
dre
dge
d m
ate
ria
l l
oad
ing
is
nea
rly
equ
al
to
atm
osp
her
ic
loa
din
g
(80
%)
and
is
abo
ut
50%
of
the
Can
adi
an
sho
rel
ine
ero
sio
n
loa
din
g,
alt
hou
gh
it
repr
esen
ts o
nly
a sm
all
(14%
) l
oadi
ng
in r
elat
ion
to d
irec
t mu
nici
pal-
industrial loading (see Table 17).
It
is
app
are
nt
tha
t f
or
all
of
the
Gre
at
Lak
es,
dre
dge
d m
ate
ria
ls
dis
pos
al
in
wat
er
is
a s
ign
ifi
can
t t
hou
gh
not
dom
ina
nt
loa
din
g,
and
con
fin
ed
and
upl
and
dis
pos
al
of
dre
dge
d m
ate
ria
ls
has
mar
ked
ly
red
uce
d t
he
tot
al
pho
sph
oru
s
inp
uts
to the lakes.
POLYCHLORINATED BIPHENYLS (PCBS)
0f
the
21
loc
ati
ons
rep
ort
ing
PCB
s,
the
hig
hes
t a
ver
age
con
cen
tra
tio
ns
are
fou
nd
at
Ogd
ens
bur
g,
New
Yor
k (
#5)
7 u
g/g
, G
ree
n B
ay
Har
bor
, W
isc
ons
in
(#2
)
3.7
ug/
g;
Ash
tab
ula
, O
hio
(#4)
3.6
ug/
g,
Dul
uth
-Su
per
ior
, M
inn
eso
ta-
Wis
con
sin
(#6
) 2
.4
ug/
g a
nd
Sag
ina
w R
.,
Mic
hig
an
(#3
)
2.2
ug/
g.
The
lar
ges
t t
ota
l
pot
ent
ial
loa
ds
wer
e c
alc
ula
ted
to
be
at
Cuy
aho
ga
Riv
er/
Cle
vel
and
, O
hio
— 4
.5
t;
Gre
en
Bay
Har
bor
, W
isc
ons
in
— 4
.2
t a
nd
Sag
ina
w R
.,
Mic
hig
an
- 3
.5
t.
Thes
e th
ree
loca
tion
s a
ccou
nt f
or 8
8% o
f th
e to
tal
load
from
Grea
t La
kes
dredged materials.
The
21
loc
ati
ons
rep
ort
ing
act
ual
PCB
sed
ime
nt
ana
lys
is
rep
res
ent
25.
4%
of
the
tota
l dr
edge
d ma
teri
als
move
d in
the
Grea
t La
kes
duri
ng t
he r
egis
ter
per
iod
.
The
74.
6%
of
dre
dge
d m
ate
ria
ls
for
whi
ch
no
ana
lys
is
is
ava
ila
ble
was
assumed to have no PCB content in calculating total potential loads.
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 The totaI potentiaI Ioad (1975-1979) (t) to the Great Lakes by basin
country is:
BASIN UNITED STATES CANADA TOTAL
Superior 0.27 <0.01 0.27
Michigan 4.20 0.00 4.20
Huron 3.61 <0.01 3.61
Erie 5.41 <0.01 5.42
Ontario 0.29 0.17 0.47
TOTAL 13.78 0.19 13.97
   
and
 
The direct Toad (1975-1979) (t) to the Great Lakes by basin and country is:
   
PCB (t) DISPOSED OF IN THE AQUATIC ENVIRONMENT
UNITED
BASIN STATES CANADA TOTAL
Superior 0.03 <0.01 0.04
Michigan 0.03 - 0.03
Huron 0.29 <0.01 0.29
Erie 0.80 <0.01 0.80
Ontario <0.01 <0.01 <0.01
TOTAL 1.15 0.01 1.16
  
.An estimate of PCB Toad in dredged materiaIs pIaced in confined disposaI
fac111t1es or upIand disposaI sites is sunmarized by country for each Great
Lake basin beIow:
PCB (t) DISPOSED OF OUT OF THE AQUATIC ENVIRONMENT
UNITED
BASIN STATES CANADA ' TOTAL
Superior 0.24 <0.01 0.24
Michigan 4.17 - 4.17
Huron 3.31 <0.01 3.31
Erie 4.62 0.01 4.63
Ontario 0.29 0.17 0.47
TOTAL 12.63 0.18 12.82
 
MERCURY (HG)
    
0f the 69 locations reporting mercury, the highest average concentrations
are found in the Detroit River ChanneTs, Michigan (#10) 1.2 ug/g; Chenai
Ecarte, Ontario (#27) 1.1 ug/g; Ashtabuia Harbor, Ohio (#3) 1.1 ug/g and
Kenosha Harbor, Wisconsin (#16) 1.0 ug/g.
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 The largest load was found at Toledo, Ohio 1.8 t, which represents 16.8%
of t
he t
otal
load
in a
ll d
redg
ed m
ater
ials
move
d du
ring
the
1975
-197
9 pe
riod
.
The Lake Erie Sailing Course, Michigan and Ohio was second with 1.5 t.
Asht
abul
a, O
hio
and
Gree
n Ba
y,
Wisc
onsi
n ea
ch c
onta
ined
0.8
t of
merc
ury.
Thes
e fo
ur l
ocat
ions
acco
unt
for
almo
st o
ne-h
alf
of t
he t
otal
merc
ury
load
in
materials dredged during the 1975-1979 period.
The 69 locations reporting mercury analyses represent 80.3% of the
mate
rial
s d
redg
ed i
n th
e Gr
eat
Lake
s d
urin
g th
e st
udy
peri
od.
The
19.7
% of
the
mate
rial
s fo
r wh
ich
no a
naly
tica
l d
ata
were
avai
labl
e wa
s gi
ven
a ba
ck-
grou
nd c
once
ntra
tion
take
n fr
om T
able
5 in
orde
r to
make
an e
stim
ate
of t
otal
load
of m
ercu
ry i
n Gr
eat
Lake
s dr
edge
d ma
teri
als.
This
corr
ecti
on
proc
edur
e
acc
oun
ts
for
0.4
1%
of
the
est
ima
te
of
tot
al
load
in
Gre
at
Lak
es
dre
dge
d
materials during 1975-1979.
The
tota
l l
oad
(t)
of m
ercu
ry
in d
redg
ed m
ater
ials
for
the
Grea
t La
kes
by
country and basin (1975-1979) is:
BAS
IN
UNI
TED
STA
TES
CAN
ADA
TOT
AL
Superior 0.66 0.13 0.79
Mic
hig
an
2.0
7
-
2.0
7
Huron 0.51 0.02 0.53
Eri
e
6.8
0
0.2
4
7.0
5
Ontario 0.20 0.09 0.29
TOT
AL
10.
24
0.4
8
10.
72
     
Basin estimates of mercury load to the aquatic environment are presented
below by country:
MERCURY (t) DISPOSED OF IN THE AQUATIC ENVIRONMENT
UNITED
BASIN STATES CANADA TOTAL
Superior 0.34 0.12 0.45
Michigan 0.62 - 0.62
Huron 0.04 0.02 0.06
Erie 3.37 0.01 3.38
Ontario 0.18 0.02 0.20
TOTAL 4.55 0.17 4.72
     
An e
stim
ate
of m
ercu
ry l
oad
in d
redg
ed m
ater
ials
plac
ed
in c
onfi
ned
dis
pos
al
fac
ili
tie
s o
r u
pla
nd
dis
pos
al
sit
es
is
sum
mar
ize
d b
y c
oun
try
for
eac
h
Great Lake basin below:
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MER
CUR
Y
(t)
DIS
POS
ED
OF
OUT
OF
THE
AQU
ATI
C
ENV
IRO
NME
NT
UNITED
BA
SI
N
ST
AT
ES
CA
NA
DA
TO
TA
L
Sup
eri
or
0.3
2
0.0
1
0.3
3
Mic
hig
an
1.4
5
-
1.4
5
Hu
ro
n
0.
47
<o
.0
1
0.
47
Er
ie
3.
43
0.
23
3.
66
On
ta
ri
o
0.
02
0.
07
0.
09
TOT
AL
5.6
9
0.3
1
6.0
0
'
   
Th
e
me
rc
ur
y
lo
ad
to
La
ke
Su
pe
ri
or
fr
om
wa
te
r
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
s
is
si
mi
la
r
to
th
at
fr
om
mu
ni
ci
pa
l
and
in
du
st
ri
al
di
sc
ha
rg
es
.
In
co
mp
ar
is
on
to
tr
ib
ut
ar
y
or
at
mo
sp
he
ri
c
in
pu
ts
,
ho
we
ve
r,
th
e
dr
ed
ge
d
ma
te
ri
al
s
lo
ad
s
ar
e
sm
al
l
(12
%
of
th
e
at
mo
sp
he
ri
c
lo
ad
an
d
0.
6%
of
tr
ib
ut
ar
y
lo
ad
s)
.
Th
e
to
ta
l
po
te
nt
ia
l
dr
ed
ge
d
ma
te
ri
al
s
me
rc
ur
y
lo
ad
to
La
ke
Su
pe
ri
or
ex
ce
ed
s
mu
ni
ci
pa
l
and
in
du
st
ri
al
lo
ad
in
gs
but
do
es
not
ap
pr
oa
ch
th
e
ma
gn
it
ud
e
of
tr
ib
ut
ar
y
lo
ad
-
.
in
g
an
d
re
pr
es
en
ts
a
lo
ad
le
ss
th
an
20
%
th
e
si
ze
of
at
mo
sp
he
ri
c
in
pu
ts
(S
ee
;
Ta
bl
e
13
).
i
'
A
“
5
:
5
3
7
:
2
5
«
r
~
A
Th
e
me
rc
ur
y
lo
ad
to
La
ke
Hu
ro
n
fr
om
wa
te
r
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
s
re
pr
es
en
ts
les
s
th
an
1.
5%
of
th
e
es
ti
ma
te
d
av
er
ag
e
an
nu
al
lo
ad
to
th
e
la
ke
and
is
mu
ch
sm
al
le
r
th
an
th
e
di
re
ct
mu
ni
ci
pa
l—
in
du
st
ri
al
lo
ad
in
gs
or
tr
ib
ut
ar
y
lo
ad
in
gs
(se
e
Ta
bl
e
15)
.
Th
e
to
ta
l
po
te
nt
ia
l
dr
ed
ge
d
ma
te
ri
al
s
me
rc
ur
y
lo
ad
ex
ce
ed
s
lo
ad
in
gs
fr
om
Ca
na
di
an
sh
or
el
in
e
er
os
io
n
an
d
ap
pr
oa
ch
es
th
e
lo
ad
in
g
fr
om
to
ta
l
di
re
ct
mu
ni
ci
pa
l
and
in
du
st
ri
al
di
sc
ha
rg
es
but
co
ns
ti
tu
te
s
on
ly
a
sm
al
l
pr
op
or
ti
on
(<
15
%)
of
th
e
es
ti
ma
te
d
to
ta
l
la
ke
lo
ad
in
g.
The
mer
cur
y l
oad
to
Lak
e E
rie
fro
m w
ate
r d
isp
osa
l o
f d
red
ged
mat
eri
als
rep
res
ent
s
10%
of
the
est
ima
ted
tot
al
ave
rag
e a
nnu
al
mer
cur
y l
oad
ing
to
the
lak
e (
see
Tab
le
16)
and
exc
eed
s
(fo
ur
tim
es)
est
ima
ted
Can
adi
an
Sho
rel
ine
ero
sio
n
loa
din
gs.
The
tot
al
pot
ent
ial
dre
dge
d m
ate
ria
ls
mer
cur
y l
oad
is
abo
ut
20%
of
the
est
ima
ted
tot
al
mer
cur
y l
oad
rec
eiv
ed
by
Lak
e E
rie.
The
mer
cur
y l
oad
to
Lak
e O
nta
rio
fro
m w
ate
r d
isp
osa
l o
f d
red
ged
mat
eri
als
rep
res
ent
s a
bou
t 0
.3%
of
the
tot
al
ann
ual
est
ima
ted
mer
cur
y l
oad
(se
e T
abl
e
17)
but
exc
eed
s t
he
est
ima
ted
loa
din
g f
rom
Can
adi
an
sho
rel
ine
ero
sio
n.
The
tota
l p
ote
nti
al
dre
dge
d m
ate
ria
ls
mer
cur
y l
oad
is
onl
y a
bou
t 0
.5%
of
the
estimated total mercury load received by Lake Ontario.
LEAD (PB)
0f
the
70
loc
ati
ons
rep
ort
ing
lea
d
val
ues
,
the
hig
hes
t
ave
rag
e
con
cen
tra
—
tio
ns
are
fou
nd
at
Rou
ge
Riv
er,
Mic
hig
an
(#4
)
339
ug/
g;
Mil
wau
kee
,
Wis
con
sin
(#2
) 3
04
ug/
g,
and
Mic
hig
an
Cit
y,
Ind
ian
a (
#18
) 2
17
ug/
g.
The
lar
ges
t t
ota
l
loa
d w
as
cal
cul
ate
d f
or
Cuy
aho
ga
Riv
er/
Cle
vel
and
, O
hio
- 5
79
t -
whi
ch
rep
res
ent
s
25%
of
the
tot
al
loa
d
in
all
mat
eri
als
dre
dge
d
dur
ing
the
197
5-1
979
per
iod
in
the
Gre
at
Lak
es
Bas
in.
Sim
ila
rly
,
Mil
wau
kee
,
Wis
con
sin
acc
oun
ts
for
257
t
(11
%),
Tol
edo
,
Ohi
o,
252
t
(11
%);
Rou
ge
Riv
er,
Mic
hig
an
194
t
(8.
5%)
and
Gre
en
Bay
, W
isc
ons
in
135
t (
6%)
.
The
se
fiv
e
loc
ati
ons
acc
oun
t f
or
abo
ut
62%
of
the
lea
d l
oad
mea
sur
ed
in
the
tot
al
Gre
at
Lak
es
dre
dge
d m
ate
ria
ls
loa
d.
\\
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The 70 locations reporting lead values represent 88.4% of the total
materials dredged during the study period. The 11.6% of dredged materials for
which sediment analysis was unavailable was given appropriate background
concentrations from Table 5 and this accounts for 2.88% of the total lead load
(t) reported by basin below:
 
BASIN UNITED STATES CANADA TOTAL
Superior 39.58 9.38 48.97
Michigan 552.70 - 552.70
Huron 50.33 18.37 68.70
Erie 1,474.10 41.42 1,515.53
Ontario 62.81 44.89 107.70
TOTAL 2,179.52 114.08 2,293.60
     
The direct load (t) to the Great Lakes by basin from dredging disposed in
open water dumping operations and beach nourishment projects is summarized
below:
LEAD (t) DISPOSED OF IN THE AQUATIC ENVIRONMENT
UNITED
BASIN STATES CANADA TOTAL
Superior 15.64 5.76 21.41
Michigan 93.10 - 93.10
Huron 4.95 16.84 21.79
Erie 307.74 7.12 314.86
Ontario 59.10 4.24 63.34
TOTAL 480.54 33.96 514.50
    
The potential lead load (t) removed from the Great Lakes through dredged
materials disposal in confined facilities or upland disposal is summarized
below:
 
LEAD (t) DISPOSED OF OUT OF THE AQUATIC ENVIRONMENT
UNITED
BASIN STATES CANADA TOTAL-
Superior 23.94 3.62 27.56
Michigan 459.60 - 459.60
Huron 45.38 1.53 46.91
Erie 1,166.36 34.31 1,200.67
Ontario 3.71 40.65 44.36
TOTAL 1,698.98 80.11 1,779.10
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The
lead
load
to L
ake
Supe
rior
from
wate
r di
spos
al o
f dr
edge
d ma
teri
als
is
sli
ght
ly
gre
ate
r t
han
loa
din
g f
rom
dir
ect
mun
ici
pal
and
ind
ust
ria
l d
isc
har
ges
but
onl
y 0
.7%
of
tri
but
ary
and
0.4
% o
f a
tmo
sph
eri
c i
npu
ts.
The
tot
al
pot
en—
tia
l d
red
ged
mat
eri
als
lead
load
to
Lak
e S
upe
rio
r e
xce
eds
mun
ici
pal
and
indu
stri
al
but
does
not
appr
oach
the
magn
itud
e of
trib
utar
y or
atmo
sphe
ric
inputs (see Table 13).
The
lead
load
to L
ake
Mich
igan
from
wate
r di
spos
al
of d
redg
ed m
ater
ials
is
abou
t eq
ual
to l
oadi
ngs
from
tota
l d
irec
t mu
nici
pal/
indu
stri
al
disc
harg
es b
ut
sma
ll
in
com
par
iso
n w
ith
sho
re
ero
sio
n
inp
uts
(ab
out
7%
the
siz
e)
and
atm
os-
phe
ric
loa
din
gs
(ab
out
1%
as
lar
ge)
.
The
tot
al
pot
ent
ial
dre
dge
d m
ate
ria
ls
lead
loa
din
g i
s a
bou
t f
our
tim
es
the
loa
din
g f
rom
dir
ect
mun
ici
pal
/in
dus
tri
al
sou
rce
s a
nd
is
abo
ut
41%
as
lar
ge
as
sho
re
ero
sio
n i
npu
ts
and
abo
ut
8%
as
large as atmospheric loadings.
The
lea
d
loa
d t
o L
ake
Hur
on
fro
m w
ate
r d
isp
osa
l
of
dre
dge
d m
ate
ria
ls
is
onl
y a
bou
t 0
.8%
of
the
est
ima
ted
tot
al
lea
d l
oad
ing
to
Lak
e H
uro
n (
see
Tab
le
15).
Thi
s i
s a
bou
t 8
3%
as
lar
ge
as
loa
din
g f
rom
Can
adi
an
sho
rel
ine
ero
sio
n,
abo
ut
50%
as
lar
ge
as
dir
ect
mun
ici
pal
/in
dus
tri
al
loa
din
g,
abo
ut
0.6
% a
s l
arg
e
as
atm
osp
her
ic
loa
din
g,
and
abo
ut
4%
as
lar
ge
tot
al
tri
but
ary
loa
din
gs.
Tot
al
pot
ent
ial
dre
dge
d m
ate
ria
ls
lead
loa
ds
is
onl
y 3
% o
f t
he
est
ima
ted
tot
al
loa
d-
ing to Lake Huron.
The
lea
d l
oad
to
Lak
e E
rie
fro
m w
ate
r d
isp
osa
l o
f d
red
ged
mat
eri
als
rep
res
ent
s 6
% o
f t
he
tot
al
est
ima
ted
ann
ual
lead
loa
din
g t
o t
he
lake
.
Thi
s
loa
d i
s a
bou
t 3
% o
f t
he
siz
e o
f a
tmo
sph
eri
c
loa
din
g a
nd
42%
the
siz
e o
f
Can
adi
an
sho
rel
ine
ero
sio
n
inp
uts
.
The
tot
al
pot
ent
ial
dre
dge
d m
ate
ria
ls
lea
d
loa
d
is
abo
ut
27%
of
the
est
ima
ted
tot
al
lea
d
loa
d t
o
the
lak
e.
Thi
s
is
abo
ut
14%
the
siz
e o
f a
tmo
sph
eri
c i
npu
ts
and
twi
ce
the
siz
e o
f C
ana
dia
n s
hor
e
erosion loads.
Th
e
lea
d
loa
d
to
La
ke
On
ta
ri
o
fr
om
wa
te
r
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
s
re
pr
es
en
ts
on
ly
ab
ou
t
1%
of
th
e
es
ti
ma
te
d
to
ta
l
le
ad
lo
ad
re
ce
iv
ed
by
th
e
lak
e.
It
is
sm
al
l
in
co
mp
ar
is
on
to
at
mo
sp
he
ri
c
lo
ad
s
(a
bo
ut
5%
as
la
rg
e)
and
Can
adi
an
sho
rel
ine
ero
sio
n
inp
uts
(ab
out
hal
f
as
lar
ge)
.
The
tot
al
pot
ent
ial
dr
ed
ge
d
ma
te
ri
al
s
lea
d
loa
d
is
on
ly
2%
of
th
e
es
ti
ma
te
d
to
ta
l
La
ke
On
ta
ri
o
loading (see Table 17).
ARSENIC (As)
Of
the
51
loc
ati
ons
rep
ort
ing
ars
eni
c
con
cen
tra
tio
ns,
the
hig
hes
t
ave
rag
e
conc
entr
atio
ns
are
foun
d at
Cuya
hoga
Rive
r/Cl
evel
and,
Ohio
(#1)
33.0
ug/g
;
Lor
ain
, O
hio
(#1
3)
14.
9 u
g/g
;
Fai
rpo
rt,
Ohi
o
(#7
) 1
3.9
ug/
g;
Ver
mil
ion
,
Ohi
o
(#2
3)
12.
9 u
g/g
;
and
Roc
ky
Riv
er,
Ohi
o (
#27
)
12.
0 u
g/g
.
The
lar
ges
t l
oad
s
wer
e c
alc
ula
ted
to
be
at
Cuy
aho
ga
Riv
er/
Cle
vel
and
,
Ohi
o -
103
t w
hic
h
rep
res
ent
s
abo
ut
33%
of
the
tot
al
loa
d i
n m
ate
ria
ls
dre
dge
d i
n t
he
Gre
at
Lak
es.
Oth
er
not
abl
e
loc
ati
ons
wit
h l
arg
e a
rse
nic
loa
din
gs
inc
lud
e T
ole
do,
Ohi
o w
ith
41
t o
r 1
3%
of
the
ars
eni
c i
n G
rea
t L
ake
s d
red
ged
mat
eri
als
and
Roc
hes
ter
,
New
Yor
k w
ith
13
t o
r 4
% o
f t
he
tot
al
dre
dge
d m
ate
ria
ls
loa
d.
The
se
thr
ee
loc
ati
ons
acc
oun
t f
or
50%
of
the
tot
al
ars
eni
c
loa
d m
eas
ure
d
in
dredged materials in the Great Lakes from 1975-1979.
\\
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Th
e
51
dr
ed
gi
ng
lo
ca
ti
on
s
fo
r
wh
ic
h
ac
tu
al
an
al
yt
ic
al
da
ta
ex
is
t
ac
co
un
t
fo
r
76
%
of
th
e
dr
ed
ge
d
ma
te
ri
al
s
re
co
rd
ed
in
th
e
dr
ed
gi
ng
re
gi
st
er
.
Th
e
24
%
of
Gr
ea
t
La
ke
s
dr
ed
ge
d
ma
te
ri
al
s
fo
r
wh
ic
h
no
da
ta
ar
e
av
ai
la
bl
e
ha
ve
be
en
gi
ve
n
a
ba
ck
gr
ou
nd
ar
se
ni
c
co
nc
en
tr
at
io
n
ba
se
d
on
th
e
ba
ck
gr
ou
nd
va
lu
es
in
Ta
bl
e
5
an
d
ac
co
un
t
fo
r
17
%
of
th
e
to
ta
l
es
ti
ma
te
of
ar
se
ni
c
lo
ad
in
g
(t
)
in
Gr
ea
t
La
ke
s
dr
ed
ge
d
ma
te
ri
al
s
re
co
rd
ed
be
lo
w:
BA
SI
N
UN
IT
ED
ST
AT
ES
CA
NA
DA
TO
TA
L
Su
pe
ri
or
3.
70
0.
85
4.
54
Mi
ch
ig
an
41
.2
6
-
41
.2
6
Hu
ro
n
7.
85
2.
19
10
.0
4
Er
ie
23
2.
24
5.
92
23
8.
16
On
ta
ri
o
15
.9
7
3.
04
19
.0
2
TO
TA
L
30
1.
03
12
.0
0
31
3.
03
     
Es
ti
ma
te
s
of
th
e
ar
se
ni
c
To
ad
in
dr
ed
ge
d
ma
te
ri
al
s
di
sp
os
ed
of
in
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t
of
ea
ch
of
th
e
Gr
ea
t
La
ke
s
ar
e
su
mm
ar
iz
ed
be
lo
w:
TO
TA
L
AR
SE
NI
C
(t
)
DI
SP
OS
ED
OF
IN
TH
E
AQ
UA
TI
C
EN
VI
RO
NM
EN
T
UNITED
BA
SI
N
ST
AT
ES
CA
NA
DA
TO
TA
L
Su
pe
ri
or
1.
62
0.
67
2.
28
Mi
ch
ig
an
17
.1
8
-
17
.1
8
Hu
ro
n
0.
85
1.
88
2.
73
Er
ie
54
.5
1
0.
66
55
.1
6
On
ta
ri
o
15
.6
8
0.
61
16
.2
9
TO
TA
L
89
.8
2
3.
82
93
.6
4
     
Th
e
ar
se
ni
c
lo
ad
in
g
(t
)
re
mo
ve
d
fr
om
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t
an
d
pl
ac
ed
in
a
co
nf
in
ed
di
sp
os
al
fa
ci
li
ty
or
up
la
nd
di
sp
os
al
si
te
is
su
mm
ar
iz
ed
be
lo
w:
TO
TA
L
AR
SE
NI
C
(t
)
DI
SP
OS
ED
OF
OU
T
OF
TH
E
AQ
UA
TI
C
EN
VI
RO
NM
EN
T
UNITED
BA
SI
N
ST
AT
ES
CA
NA
DA
TO
TA
L
Su
pe
ri
or
2.
08
0.
18
2.
26
Mi
ch
ig
an
24
.0
9
-
24
.0
9
Hu
ro
n
7.
00
0.
31
7.
32
Er
ie
17
7.
74
5.
26
18
3.
00
On
ta
ri
o
0.
29
2.
43
2.
73
TO
TA
L
21
1.
20
'
8.
18
21
9.
39
     
CADMIUM (CD)
0f
th
e
49
lo
ca
ti
on
s
re
po
rt
in
g
ca
dm
iu
m
an
al
ys
es
,
th
e
hi
gh
es
t
av
er
ag
es
we
re
fo
un
d
at
Mi
ch
ig
an
Ci
ty
,
In
di
an
a
(#
22
)
wi
th
59
pg
/g
;
Lo
ra
in
Ha
rb
or
,
Oh
io
(#
4)
wi
th
22
ug
/g
;
an
d
Cu
ya
ho
ga
Ri
ve
r/
Cl
ev
el
an
d,
Oh
io
(#
1)
wi
th
15
pg
/g
.
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The
lar
ges
t
tot
al
loa
d w
as
cal
cul
ate
d f
or
Cuy
aho
ga
Riv
er/
Cle
vel
and
, O
hio
wit
h 4
5 t
of
Cd
rep
res
ent
ing
27%
of
the
tot
al
Gre
at
Lak
es
dre
dge
d m
ate
ria
ls
loa
d.
Tol
edo
,
Ohi
o a
cco
unt
s f
or
30
t o
r 1
8%
of
the
tot
al
loa
d a
nd
Sag
ina
w R
.,
Mic
hig
an
acc
oun
ts
for
15
t.
In
tot
al,
the
se
thr
ee
loc
ati
ons
are
res
pon
sib
le
for
55%
of
the
tot
al
dre
dge
d m
ate
ria
ls
loa
d o
f C
d f
or
the
fiv
e-y
ear
rec
ord
of
the dredging register.
The
49
loc
ati
ons
for
whi
ch
act
ual
ana
lyt
ica
l
dat
a
app
ear
in
the
dre
dgi
ng
reg
ist
er
acc
oun
t f
or
77%
of
the
dre
dge
d v
olu
me
rec
ord
ed.
The
24%
of
the
Gre
at
Lak
es
dre
dge
d
mat
eri
als
for
whi
ch
no
mea
sur
ed
con
cen
tra
tio
ns
wer
e
ava
ila
ble
hav
e b
een
giv
en
bac
kgr
oun
d c
adm
ium
con
cen
tra
tio
ns
fro
m T
abl
e 5
.
Thi
s
acc
oun
ts
for
onl
y 5
%
of
the
tot
al
Gre
at
Lak
es
dre
dge
d
mat
eri
als
loa
din
g
of
Cd
rec
ord
ed
below.
 
BAS
IN
UNI
TED
STA
TES
CAN
ADA
TOT
AL
Sup
eri
or
4.8
5
0.4
1
5.2
6
Mic
hig
an
12.
88
-
12.
88
Hur
on
15.
63
0.6
3
16.
26
Eri
e
120
.02
2.7
7
122
.79
Ont
ari
o
6.1
7
1.5
6
7.7
3
TO
TA
L
15
9.
56
5.
36
16
4.
92
    
Est
ima
tes
of
the
loa
d o
f
cad
miu
m
in
dre
dge
d
mat
eri
als
dis
pos
ed
of
in
the
aqu
ati
c
env
iro
nme
nt
of
the
Gre
at
Lak
es
are
sum
nar
ize
d
bel
ow:
TOT
AL
CAD
MIU
M (
t)
DIS
POS
ED
OF
IN
THE
AQU
ATI
C
ENV
IRO
NME
NT
UNITED
BA
SI
N
ST
AT
ES
CA
NA
DA
TO
TA
L
Sup
eri
or
2.9
5
0.3
0
3.2
5
Mic
hig
an
6.2
4
-
6.2
4
Hu
ro
n'
0.
85
0.
54
1.
39
Eri
e
29.
17
0.2
3
29.
40
On
ta
ri
o
6.
05
0.
35
6.
41
TOT
AL
45.
26
1.4
2
46.
68
     
Est
ima
tes
of
cad
miu
m
loa
din
g
(t)
rem
ove
d
fro
m
the
aqu
ati
c
env
iro
nme
nt
and
pla
ced
in
a c
onf
ine
d
diS
pos
al
fac
ili
tie
s
or
upl
and
dis
pos
al
sit
e
are
sum
mar
iz-
ed for each basin below:
TOT
AL
CAD
MIU
M (
t)
DIS
POS
ED
OF
OUT
OF
THE
AQU
ATI
C E
NVI
RON
MEN
T
UNITED
BAS
IN
STA
TES
CAN
ADA
TOT
AL
Sup
eri
or
1.9
0
0.1
1
2.0
1
Mic
hig
an
6.6
4
—
6.6
4
Hur
on
14.
78
0.0
9
14.
87
Eri
e
90.
85
2.5
4
93.
39
Ont
ari
o
\\
0.1
2
1.2
1
1.3
3
TOTAL 114.30 3.95 118.24
    
4O
-
1
-
V
a
.
.
-
.
.
.
.
.
M
.
.
.
“
The cadmium load to Lake Superior from water disposal of dredged materials
is only 21% of the load from direct municipal and industrial discharges and,
in comparison to atmospheric or tributary cadmiumloading, the dredged
materials loadings are small (0.2% the size of tributary loads and 1.3% the
size of atmospheric loadings). The total potential dredged materials load to
Lake Superior reflects a similar pattern as there is little difference between
water disposed dredged material cadmium loads and total potential dredged
materials loads (see Table 13).
The cadmium load to Lake Michigan from water disposal of dredged materials
is only 20% as large as the load from direct municipal and industrial dis-
char
ges
and
only
3% a
s la
rge
as t
he a
tmos
pher
ic
load
ing
to t
he l
ake.
Tota
l
potential dredged materials load to Lake Michi an is less than direct munici-
pal and industrial loading (about 40% as large? and only 6% as large as atmos-
pheric inputs (see Table 14).
The
cadm
ium
load
to L
ake
Huro
n fr
om w
ater
disp
osal
of d
redg
ed m
ater
ials
is
only a small portion of the total estimated cadmium load (3.8%). It is also
much
smal
ler
than
trib
utar
y lo
adin
g,
dire
ct m
unic
ipal
and
indu
stri
al
load
ing,
or atmospheric loading (0.04%, 18.8%, and 0.38%, respectively). The total
potential dredged materials load is a significant portion of the total lake
loading (41%). It is nearly 10 times the size of Canadian shoreline erosion
inpu
ts a
nd
is t
wice
the
size
of m
unic
ipal
and
indu
stri
al d
irec
t di
scha
rges
.
It is, however, only a small fraction of atmospheric loads (4%) and total
tributary loadings (0.4%).
The
cadm
ium
load
to L
ake
Erie
from
wate
r di
spos
al
of d
redg
ed m
ater
ials
is
a si
gnif
ican
t po
rtio
n (1
3%)
of t
he t
otal
esti
mate
d an
nual
lake
cadm
ium
load
-
ing. This load is about half the size of the load from Canadian shoreline
erosion and about 4% the size of atmospheric cadmium loadings to the lake.
The total potential dredged materials cadmium load is about 56% of the
estimated total lake loading, about 16% of the magnitude of atmospheric inputs
and over twice the size of Canadian shoreline erosion cadmium loadings.
The cadmium load to Lake Ontario from water disposal of dredged materials
represents about 5% of the estimated total lake load. It is small in
comparison to atmospheric loads (about 3% the size) but is over 60% the size
of Canadian shoreline erosion loads. The total potential dredged materials'
cadmium load is similar in size to the water disposed dredged materials load
(see Table 17).
COPPER (cu)
Of the 53 locations reporting copper analyses, the highest average
concentrations were found at Lac Labelle, Michigan (#24) 1,118 ug/g;
Keweenaw Waterway, Michi an (#7) 711 ug/g; Lorain, Ohio (#6) 244 ug/g; and
Monroe, Michigan (#2) 22 ug/g.
The largest total load, 338 t, was associated with Cuyahoga River -
Cleveland, Ohio dredging (20% of total estimated Great Lakes dredged materials
load). Large loads Were associated with dredging at Monroe, Michigan - 210 t
(12% of total load); Toledo, Ohio - 176 t (10% of total load); and Rouge
River, Michigan - 107 t (6% of total load). These four locations account for
48% of the total copper load in materials dredged during 1975-1979.
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Th
e
53
Io
ca
ti
on
s
re
po
rt
in
g
co
pp
er
an
aI
ys
es
in
th
e
dr
ed
gi
n
re
gi
st
er
ac
co
un
t
fo
r
78
%
of
ma
te
ri
ai
s
dr
ed
ge
d
in
th
e
Gr
ea
t
La
ke
s
fr
om
19
75
—1
97
9.
Th
e
22%
Of
Gre
at
Lak
es
dre
dge
d
mat
eri
ais
for
whi
ch
no
mea
sur
ed
cop
per
con
cen
tra
-
ti
on
s
we
re
av
ai
Ia
bI
e
we
re
gi
ve
n
ba
ck
gr
ou
nd
co
nc
en
tr
at
io
ns
in
th
e
ca
Ic
uI
at
io
n
of
tot
aI
dre
dge
d
mat
eri
aIs
Toa
ds
and
acc
oun
ts
for
6%
Of
the
est
ima
ted
tot
aI
Gr
ea
t
La
ke
s
dr
ed
ge
d
ma
te
ri
aI
s
co
pp
er
To
ad
.
Es
ti
ma
te
s
fo
r
to
ta
I
19
75
-1
97
9
dr
ed
ge
d
ma
te
ri
al
s
Toa
d
(t)
of
co
pp
er
in
th
e
Great Lakes by basin are:
     
BA
SI
N
UN
IT
ED
ST
AT
ES
CA
NA
DA
TO
TA
L
Su
pe
ri
or
14
2.
72
24
.6
1
16
7.
33
Mi
ch
ig
an
14
5.
70
-
14
5.
70
Hu
ro
n
40
.0
1
9.
40
49
.4
2
Er
ie
1,
25
7.
83
25
.4
5
1,
28
3.
28
On
ta
ri
o
51
.7
7
32
.3
4
84
.1
1
TO
TA
L
1,
63
8.
02
91
.8
1
1,
72
9.
84
Ba
si
n
es
ti
ma
te
s
fo
r
co
pp
er
To
ad
s
in
ma
te
ri
aT
s
pi
ac
ed
in
th
e
aq
ua
ti
c
environment are summarized beiow:
TO
TA
L
CO
PP
ER
(t)
DI
SP
OS
ED
OF
OU
T
OF
TH
E
AQ
UA
TI
C
EN
VI
RO
NM
EN
T
UNITED
BA
SI
N
ST
AT
ES
CA
NA
DA
TO
TA
L
Su
pe
ri
or
26
.0
3
6.
82
32
.8
6
Mi
ch
ig
an
94
.9
2
-
94
.9
2
Hu
ro
n
35
.0
0
1.
34
36
.3
4
Er
ie
93
9.
31
21
.6
6
96
0.
98
On
ta
ri
o
2.
11
27
.8
6
29
.9
7
TO
TA
L
1,
09
7.
37
57
.6
9
1,
15
5.
07
     
An
es
ti
ma
te
of
th
e
co
pp
er
bu
rd
en
in
dr
ed
ge
d
ma
te
ri
aI
s
re
mo
ve
d
fr
om
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t
an
d
pl
ac
ed
in
co
nf
in
ed
di
sp
os
aI
fa
ci
Ii
ti
es
or
up
Ia
nd
di
sp
os
ai
si
te
s
is
su
mm
ar
iz
ed
fo
r
ea
ch
Gr
ea
t
La
ke
s
ba
si
n
be
Io
w:
TO
TA
L
CO
PP
ER
(t
)
DI
SP
OS
ED
OF
IN
TH
E
AQ
UA
TI
C
EN
VI
RO
NM
EN
T
UNITED
BA
SI
N
ST
AT
ES
CA
NA
DA
TO
TA
L
Su
pe
ri
or
11
6.
68
17
.7
9
13
4.
47
Mi
ch
ig
an
50
.7
8
—
50
.7
8
Hu
ro
n
5.
02
8.
06
13
.0
8
Er
ie
31
8.
51
3.
79
32
2.
30
On
ta
ri
o
49
.6
6
4.
48
54
.1
4
TO
TA
L
‘\
54
0.
65
34
.1
2
57
4.
77
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 The
copp
er l
oad
to L
ake
Supe
rior
from
wate
r d
ispo
sal
of d
redg
ed m
ater
ials
is t
wo t
imes
the
load
ing
from
dire
ct m
unic
ipal
and
indu
stri
al d
isch
arge
s.
In
com
par
iso
n t
o t
rib
uta
ry
and
atm
osp
her
ic
cop
per
inp
uts
, t
he
dre
dge
d m
ate
ria
ls
loa
ds
are
sma
ll
(3%
and
7%,
res
pec
tiv
ely
).
The
tot
al
pot
ent
ial
dre
dge
d
mate
rial
s co
pper
load
to L
ake
Supe
rior
is t
hree
time
s th
e l
oadi
ng f
rom
dire
ct
mun
ici
pal
and
ind
ust
ria
l d
isc
har
ges
, 3
% t
he
siz
e o
f t
ota
l t
rib
uta
ry
loa
din
g
and 9% the size of atmospheric loading (see Table 13).
The
cop
per
load
to
Lak
e M
ich
iga
n f
rom
wat
er
dis
pos
al
of
dre
dge
d m
ate
ria
ls
is a
bout
equa
l t
o th
at o
f di
rect
muni
cipa
l a
nd i
ndus
tria
l d
isch
arge
s,
howe
ver,
it
is
onl
y a
bou
t 4
% t
he
siz
e o
f a
tmo
sph
eri
c l
oad
ing
s.
The
tot
al
pot
ent
ial
dre
dge
d m
ate
ria
ls
cop
per
load
to
Lak
e M
ich
iga
n i
s a
bou
t e
qua
l t
o t
he
loa
din
g
fro
m d
ire
ct
mun
ici
pal
and
ind
ust
ria
l d
isc
har
ges
, b
ut
is
onl
y a
bou
t 1
0%
the
size of atmospheric loading (see Table 14).
The
cop
per
load
to
Lak
e H
uro
n f
rom
wat
er
dis
pos
al
of
dre
dge
d m
ate
ria
ls
is
only
1% o
f th
e to
tal
Lake
Huro
n l
oadi
ng
(see
Tabl
e 15
).
In c
ompa
riso
n to
atm
osp
her
ic
loa
din
g a
nd
tot
al
tri
but
ary
loa
din
gs,
it
is
als
o v
ery
sma
ll
(0.
3%
the
siz
e o
f a
tmo
sph
eri
c l
oad
and
0.2
% t
he
siz
e o
f t
rib
uta
ry
loa
din
g).
In
com
par
iso
n
to
Can
adi
an
sho
rel
ine
ero
sio
n a
nd
dir
ect
mun
ici
pal
and
ind
ust
ria
l
dis
cha
rge
loa
ds,
the
wat
er
dis
pos
ed
dre
dge
d m
ate
ria
ls
load
is
som
ewh
at
mor
e
sig
nif
ica
nt
(50
% t
he
siz
e o
f s
hor
eli
ne
ero
sio
n
loa
din
g a
nd
18%
the
siz
e o
f
mun
ici
pal
and
ind
ust
ria
l
loa
ds)
.
The
tot
al
pot
ent
ial
dre
dge
d m
ate
ria
l
cop
per
loa
d t
o L
ake
Hur
on
is
twi
ce
the
Can
adi
an
sho
rel
ine
ero
sio
n
loa
din
g,
70%
the
siz
e o
f d
ire
ct
mun
ici
pal
—in
dus
tri
al
loa
din
gs,
onl
y 1
% a
s l
arg
e a
s t
he
atm
os—
phe
ric
loa
din
g,
and
0.7
% a
s l
arg
e a
s t
he
tri
but
ary
loa
din
g (
see
Tab
le
15).
The
cop
per
loa
d t
o L
ake
Eri
e f
rom
wat
er
dis
pos
al
of
dre
dge
d m
ate
ria
ls
rep
res
ent
s a
bou
t 1
1%
of
the
tot
al
est
ima
ted
ann
ual
cop
per
load
.
Thi
s l
oad
is
about 19% the size of atmospheric copper loading and about 48% the size of
Canadian shoreline erosion loading. The total potential dredged materials
copper load is about 43% of the total annual load to the lake, 79% the size of
atmo
sphe
ric
load
s an
d ab
out
two
time
s th
e si
ze o
f Ca
nadi
an s
hore
line
eros
ion
loadings (see Table 16).
The copper load to Lake Ontario from water disposal of dredged materials
is only about 2% of the total estimated copper load. It is small in
comp
aris
on t
o at
mosp
heri
c l
oads
(15%
as l
arge
) an
d C
anad
ian
shor
elin
e er
osio
n
(40%
as l
arge
).
The
tota
l p
oten
tial
dred
ged
mate
rial
s c
oppe
r lo
ad i
s on
ly 4
%
of the total estimated load to Lake Ontario.
ZINC (ZN)
Ana
lyt
ica
l d
ete
rmi
nat
ion
s f
or
zin
c a
re
rep
ort
ed
in
the
dre
dgi
ng
reg
ist
er
for
68
loc
ati
ons
.
The
hig
hes
t a
ver
age
con
cen
tra
tio
ns
are
rep
ort
ed
for
Mic
hig
an
Cit
y,
Ind
ian
a
(#1
3)
wit
h
1,6
64
pg/
g;
Rou
ge
Riv
er,
Mic
hig
an
(#3
)
wit
h 1
,19
7 u
g/g
;
Cuy
aho
ga
Riv
er/
Cle
vel
and
,
Ohi
o
(#1
) w
ith
1,0
46
ug/
g;
Lor
ain
,
Ohi
o (
#6)
wit
h 9
62
ug/
g;
and
Ogd
ens
bur
g,
New
Yor
k
(#2
3)
wit
h 8
66
ug/
g.
The
lar
ges
t z
inc
loa
d w
as
ass
oci
ate
d w
ith
Cuy
aho
ga
Riv
er/
Cle
vel
and
,
Ohi
o
dre
dge
d m
ate
ria
ls
whi
ch
has
bee
n e
sti
mat
ed
to
hav
e 3
,24
6 t
onn
es
of
zin
c f
or
the
fiv
e-y
ear
per
iod
of
the
dre
dgi
ng
reg
ist
er.
Thi
s
is
est
ima
ted
to
be
abo
ut
43
 
  
39%
of
the
tot
al
Gre
at
Lak
es
dre
dge
d m
ate
ria
ls
zin
c b
urd
en
for
the
197
5-1
979
per
iod
.
Hig
h z
inc
loa
ds
hav
e a
lso
bee
n a
sso
cia
ted
wit
h d
red
ged
mat
eri
als
fro
m
Tol
edo
, O
hio
and
Rou
ge
Riv
er,
Mic
hig
an
wit
h 7
34
t a
nd
684
t,
res
pec
tiv
ely
.
Thes
e th
ree
loca
tion
s a
lone
acco
unt
for
abou
t 56
% of
the
tota
l G
reat
Lake
s
dredged materials load of zinc.
The
68 l
ocat
ions
repo
rtin
g z
inc
anal
yses
in t
he d
redg
ing
regi
ster
acco
unt
for
88%
of t
he m
ater
ials
dred
ged
in t
he G
reat
Lake
s fr
om
1975
-197
9.
The
12%
of
the
Gre
at
Lak
es
dre
dge
d m
ate
ria
ls
for
whi
ch
no
mea
sur
ed
zin
c c
onc
ent
rat
ion
s
wer
e a
vai
lab
le
wer
e g
ive
n,
for
pur
pos
es
of
cal
cul
ati
ng
an
est
ima
te
of
tot
al
zin
c l
oad
in
Gre
at
Lak
es
dre
dge
d m
ate
ria
ls,
bac
kgr
oun
d c
onc
ent
rat
ion
s o
f z
inc
ass
oci
ate
d w
ith
the
app
rop
ria
te
bas
in.
Thi
s 1
2%
of
dre
dge
d m
ate
ria
ls
acc
oun
ts
for
2%
of
the
tot
al
est
ima
ted
zin
c b
urd
en
for
the
Gre
at
Lak
es.
Est
ima
tes
for
the
197
5-1
979
dre
dge
d m
ate
ria
ls
bur
den
(t)
of
zin
c i
n t
he
Great Lakes by basin and country are:
BAS
IN
UNI
TED
STA
TES
CAN
ADA
TOT
AL
Sup
eri
or
109
.64
64.
25
173
.89
Mic
hig
an
827
.84
-
827
.84
Hur
on
424
.55
15.
31
439
.86
Eri
e
6,5
08.
00
84.
65
6,5
92.
65
Ont
ari
o
265
.79
95.
62
361
.40
    
TOT
AL
1
8,1
35.
81
259
.83
8,3
95.
64
 
Bas
in
est
ima
tes
for
zin
c i
n a
qua
tic
dis
pos
ed
dre
dge
d m
ate
ria
ls
are
summarized below:
TOT
AL
ZIN
C
(t)
DIS
POS
ED
0F
OUT
OF
THE
AQU
ATI
C
ENV
IRO
NME
NT
UNITED
BAS
IN
STA
TES
CAN
ADA
TOT
AL
Sup
eri
or
69.
11
8.7
7
77.
88
Mic
hig
an
686
.95
-
686
.95
Hur
on
401
.72
2.3
9
404
.11
Eri
e
5,3
05.
32
73.
93
5,3
79.
25
Ont
ari
o
36.
49
85.
71
122
.21
     
TOT
AL
6,4
99.
59
170
.80
6,6
70.
40
An
est
ima
te
of
the
zin
c l
oad
s (
t)
in
dre
dge
d m
ate
ria
ls
rem
ove
d f
rom
the
aqua
tic
envi
ronm
ent
and
plac
ed
in c
onfi
ned
disp
osal
faci
liti
es
or u
plan
d
disposal sites is sunmarized for each Great Lakes basin below:
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TO
TA
L
ZI
NC
(t
)
DI
SP
OS
ED
OF
IN
TH
E
AQ
UA
TI
C
EN
VI
RO
NM
EN
T
UNITED
BA
SI
N
ST
AT
ES
CA
NA
DA
TO
TA
L
Su
pe
ri
or
40
.5
3
55
.4
8
96
.0
0
Mi
ch
ig
an
14
0.
89
-
14
0.
89
Hu
ro
n
22
.8
3
12
.9
2
35
.7
5
Er
ie
1,
20
2.
68
10
.7
2
1,
21
3.
40
On
ta
ri
o
22
9.
29
9.
90
23
9.
20
TO
TA
L
1,
63
6.
22
89
.0
2
1,
72
5.
24
     
Th
e
zi
nc
To
ad
to
La
ke
Su
pe
ri
or
fr
om
wa
te
r
di
sp
os
aT
of
dr
ed
ge
d
ma
te
ri
aT
s
is
sm
aT
T
in
co
mp
ar
is
on
to
To
ad
in
g
es
ti
ma
te
s
fr
om
ot
he
r
so
ur
ce
s
(S
ee
Ta
bT
e
17
).
Th
e
to
ta
T
po
te
nt
ia
T
dr
ed
ge
d
ma
te
ri
aT
s
zi
nc
To
ad
to
La
ke
Su
pe
ri
or
is
53
%
of
di
re
ct
mu
ni
ci
pa
T
an
d
in
du
st
ri
aT
To
ad
in
g,
an
d
3%
of
to
ta
T
tr
ib
ut
ar
y
To
ad
in
gs
.
Th
e
zi
nc
To
ad
to
La
ke
Mi
ch
ig
an
fr
om
wa
te
r
di
sp
os
aT
of
dr
ed
ge
d
ma
te
ri
aT
s
is
on
Ty
2%
of
at
mo
sp
he
ri
c
To
ad
in
g
an
d
25
%
as
Ta
rg
e
as
di
re
ct
mu
ni
ci
pa
T
an
d
in
du
st
ri
aT
di
sc
ha
rg
e
To
ad
in
g.
Th
e
to
ta
T
po
te
nt
ia
T
dr
ed
ge
d
ma
te
ri
aT
s
zi
nc
To
ad
to
La
ke
Mi
ch
ig
an
is
aT
so
sm
aT
T
in
co
mp
ar
is
on
to
at
mo
sp
he
ri
c
To
ad
in
g
(9
.4
%)
bu
t
is
ab
ou
t
eq
ua
T
to
th
e
di
re
ct
mu
ni
ci
pa
T/
in
du
st
ri
aT
di
sc
ha
rg
e
To
ad
in
g.
Th
e
zi
nc
To
ad
to
La
ke
Hu
ro
n
fr
om
wa
te
r
di
sp
os
aT
of
dr
ed
ge
d
ma
te
ri
aT
s
is
ab
ou
t
th
e
sa
me
as
th
at
fr
om
Ca
na
di
an
sh
or
e
er
os
io
n
bu
t
is
mu
ch
sm
aT
Te
r
th
an
di
re
ct
mu
ni
ci
pa
T/
in
du
st
ri
aT
di
sc
ha
rg
e
To
ad
in
g.
It
is
on
Ty
ab
ou
t
1%
of
th
e
to
ta
T
La
ke
Hu
ro
n
zi
nc
To
ad
in
g.
Th
e
po
te
nt
ia
T
dr
ed
ge
d
ma
te
ri
aT
s
To
ad
is
10
ti
me
s
th
e
Ca
na
di
an
sh
or
eT
in
e
er
os
io
n
To
ad
in
g
of
zi
nc
bu
t
is
on
Ty
50
%
as
Ta
rg
e
as
di
re
ct
mu
ni
ci
pa
T/
in
du
st
ri
aT
To
ad
in
g,
7%
as
Ta
rg
e
as
tr
ib
ut
ar
y
To
ad
in
and
re
pr
es
en
ts
ab
ou
t
11%
of
th
e
to
ta
T
La
ke
Hu
ro
n
zi
nc
To
ad
in
g
(se
e
Ta
bT
e
15)
.
The
zin
c
Toa
d
to
Lak
e
Eri
e
fro
m w
ate
r
dis
pos
aT
of
dre
dge
d
mat
eri
aTs
is
on
Ty
8%
of
th
e
to
ta
T
La
ke
Er
ie
To
ad
.
Th
is
To
ad
is
ab
ou
t
60
%
th
e
si
ze
of
To
ad
-
ing
fr
om
Ca
na
di
an
sh
or
e
er
os
io
n.
To
ta
T
po
te
nt
ia
T
dr
ed
ge
d
ma
te
ri
aT
s
To
ad
is
42
%
of
th
e
to
ta
T
La
ke
Er
ie
zi
nc
To
ad
in
g
an
d
is
ab
ou
t
th
re
e
ti
me
s
th
e
To
ad
co
nt
ri
bu
te
d
fr
om
Ca
na
di
an
sh
or
eT
in
e
er
os
io
n
(se
e
Ta
bT
e
10)
.
Th
e
zi
nc
To
ad
to
La
ke
On
ta
ri
o
fr
om
wa
te
r
di
sp
os
aT
of
dr
ed
ge
d
ma
te
ri
aT
s
is
ab
ou
t
2%
of
th
e
to
ta
T
es
ti
ma
te
d
To
ad
in
g
to
th
e
Ta
ke
.
Th
is
To
ad
is
ab
ou
t
80
%
of
th
e
Ca
na
di
an
sh
or
eT
in
e
er
os
io
n
To
ad
in
g.
To
ta
T
po
te
nt
ia
T
dr
ed
ge
d
ma
te
ri
aT
s
To
ad
in
g
is
ab
ou
t
2%
of
th
e
to
ta
T
es
ti
ma
te
d
To
ad
in
g
to
th
e
Ta
ke
.
Th
is
To
ad
is
ab
ou
t
eq
ua
T
to
th
e
To
ad
in
g
fr
om
Ca
na
di
an
sh
or
eT
in
e
er
os
io
n
(s
ee
Ta
bT
e
17
).
NICKEL (NI)
Ni
ck
eT
an
aT
ys
es
ar
e
re
po
rt
ed
fo
r
50
To
ca
ti
on
s
in
th
e
dr
ed
gi
ng
re
gi
st
er
wi
th
th
e
hi
gh
es
t
av
er
ag
e
co
nc
en
tr
at
io
ns
fo
un
d
at
Sa
gi
na
w
R.
,
Mi
ch
ig
an
(#
1)
wi
th
20
4
ug
/g
;
Mi
ch
ig
an
Ci
ty
,
In
di
an
a
(#
29
)
wi
th
14
2
ug
/g
;
Co
nn
ea
ut
,
Oh
io
(#
4)
wi
th
13
7
ug
/g
;
an
d
As
ht
ab
uT
a,
Oh
io
(#
6)
wi
th
11
0
ug
/g
.
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Th
e
la
rg
es
t
ni
ck
el
loa
ds
we
re
as
so
ci
at
ed
wi
th
dr
ed
ge
d
ma
te
ri
al
s
fr
om
Sa
gi
na
w
R.,
Mi
ch
ig
an
;
To
le
do
,
Oh
io
;
and
Cu
ya
ho
ga
Ri
ve
r/
Cl
ev
el
an
d,
Oh
io
wi
th
331
t,
219
t
and
213
t,
res
pec
tiv
ely
.
The
se
thr
ee
loc
ati
ons
acc
oun
t
for
46%
of
th
e
to
ta
l
ni
ck
el
loa
d
in
ma
te
ri
al
s
dr
ed
ge
d
in
th
e
Gr
ea
t
La
ke
s
fo
r
th
e
1975-1979 period.
The
50
loc
ati
ons
rep
ort
ing
nic
kel
ana
lys
es
in
the
dre
dgi
ng
reg
ist
er
acc
oun
t
for
abo
ut
77%
of
the
mat
eri
als
dre
dge
d
in
the
Gre
at
Lak
es
dur
ing
the
re
gi
st
er
pe
ri
od
.
Th
e
23
%
of
th
e
dr
ed
ge
d
ma
te
ri
al
s
wi
th
ou
t
me
as
ur
ed
ni
ck
el
con
cen
tra
tio
ns
wer
e
giv
en,
for
the
pur
pos
e
of
cal
cul
ati
ng
an
est
ima
te
of
the
tot
al
nic
kel
loa
d
in
Gre
at
Lak
es
dre
dge
d
mat
eri
als
,
bac
kgr
oun
d
con
cen
tra
tio
ns
of
nic
kel
(se
e T
abl
e
5).
Thi
s
23%
of
dre
dge
d
mat
eri
als
aCC
oun
ts
for
abo
ut
9%
of
th
e
es
ti
ma
te
d
ni
ck
el
lo
ad
su
nm
ar
iz
ed
by
ba
si
n
and
co
un
tr
y
be
lo
w:
 
BAS
IN
UNI
TED
STA
TES
CAN
ADA
TOT
AL
Su
pe
ri
or
58
.1
9
28
.4
9
86
.6
8
Mic
hig
an
115
.84
-
115
.84
Hu
ro
n
33
4.
35
7.
84
34
2.
19
Er
ie
1,
03
0.
26
22
.1
8
1,
05
2.
44
On
ta
ri
o
38
.3
6
34
.8
2
73
.1
8
    
TOT
AL
1,5
77.
01
93.
32
1,6
70.
33
Bas
in
est
ima
tes
for
nic
kel
loa
ds
in
mat
eri
als
pla
ced
in
wat
er
are
sunmarized below:
TO
TA
L
NI
CK
EL
(t)
DI
SP
OS
ED
OF
OU
T
OF
TH
E
AQ
UA
TI
C
EN
VI
RO
NM
EN
T
UNITED
BAS
IN
STA
TES
CAN
ADA
TOT
AL
Su
pe
ri
or
23
.0
8
10
.0
3
33
.1
0
Mic
hig
an
54.
71
-
54.
71
Hu
ro
n
31
7.
73
1.
12
31
8.
85
Eri
e
635
.03
19.
83
654
.86
On
ta
ri
o
1.
64
30
.8
1
32
.4
5
TOT
AL
1,0
32.
19
61.
79
1,0
93.
98
     
Es
ti
ma
te
s
of
ni
ck
el
lo
ad
(t)
in
dr
ed
ge
d
ma
te
ri
al
s
re
mo
ve
d
fr
om
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t
and
pl
ac
ed
in
co
nf
in
ed
di
sp
os
al
fa
ci
li
ti
es
or
up
la
nd
di
sp
os
al
sit
es
are
sum
mar
ize
d
for
eac
h
Gre
at
Lak
es
bas
in
bel
ow:
TOT
AL
NIC
KEL
(t)
DIS
POS
ED
OF
IN
THE
AQU
ATI
C
ENV
IRO
NME
NT
UNITED
BA
SI
N
ST
AT
ES
CA
NA
DA
TO
TA
L
Sup
eri
or
35.
11
18.
46
53.
57
Mi
ch
ig
an
61
.1
3
-
61
.1
3
Hu
ro
n
16
.6
2
6.
72
23
.3
4
Eri
e
395
.23
2.3
5
397
.58
Ont
ari
o
36.
72
4.0
1
40.
72
TOTAL 544.81 31.53 576.35
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-
.
.
-
.
.
.
.
.
.
.
M
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1
.
.
.
)
v
 
The
nic
keT
Toa
d t
o L
ake
Sup
eri
or
fro
m w
ate
r d
isp
osa
T o
f d
red
ged
mat
eri
aTs
is
abo
ut
the
sam
e a
s T
oad
ing
fro
m d
ire
ct
mun
ici
paT
and
ind
ust
ria
T d
isc
har
ges
but
is
onT
y a
sma
TT
fra
cti
on
of
the
Toa
din
gs
fro
m t
rib
uta
ry
sou
rce
s
and
fro
m
atm
osp
her
ic
dep
osi
tio
n
(se
e T
abT
e 1
3).
The
tot
aT
pot
ent
iaT
dre
dge
d m
ate
ria
Ts
nic
keT
Toa
d t
o L
ake
Sup
eri
or
is
3%
of
tri
but
ary
Toa
din
gs,
14%
of
atm
osp
her
ic
Toa
din
g,
and
1.5
tim
es
as
Tar
ge
as
dir
ect
mun
ici
paT
and
ind
ust
ria
T
dis
cha
rge
s.
The
nic
keT
Toa
d t
o L
ake
Hur
on
fro
m w
ate
r d
isp
osa
T o
f d
red
ged
mat
eri
aTs
is
abo
ut
the
sam
e
as
Toa
din
g
fro
m
Can
adi
an
sho
reT
ine
ero
sio
n.
It
is
0.3
%
of
tot
aT
tri
but
ary
Toa
din
g,
2%
of
atm
osp
her
ic
Toa
din
g
and
42%
of
dir
ect
mun
ici
-
paT
/in
dus
tri
aT
Toa
din
g.
The
tot
aT
pot
ent
iaT
dre
dge
d m
ate
ria
Ts
Toa
d t
o L
ake
Hur
on
is
16
tim
es
the
Can
adi
an
sho
reT
ine
ero
sio
n
Toa
d,
and
six
tim
es
the
tot
aT
dir
ect
mun
ici
paT
/in
dus
tri
aT
Toa
din
g.
It
is
onT
y
32%
as
Tar
ge
as
atm
osp
her
ic
Toa
din
g a
nd
5%
as
Tar
ge
as
tri
but
ary
Toa
din
g (
see
Tab
Te
15)
.
The
nic
keT
Toa
d t
o L
ake
Eri
e f
rom
wat
er
dis
pos
aT
of
dre
dge
d m
ate
ria
Ts
is
abo
ut
10%
of
the
tot
aT
nic
keT
Toa
d t
o t
he
Tak
e.
Thi
s
Toa
d i
s a
bou
t 6
0%
as
Tar
ge
as
atm
osp
her
ic
Toa
din
gs
of
nic
keT
to
Lak
e
Eri
e,
and
abo
ut
50%
as
Tar
ge
as
the
Toa
d
con
tri
but
ed
to
the
Tak
e
by
Can
adi
an
sho
reT
ine
ero
sio
n.
Tot
aT
pot
ent
iaT
dre
dge
d
mat
eri
aTs
Toa
d
is
abo
ut
28%
of
the
tot
aT
Tak
e
Toa
din
g,
abo
ut
1.3
tim
es
the
Toa
d f
rom
Can
adi
an
sho
reT
ine
ero
sio
n,
and
is
15
tim
es
the
Toa
d
fro
m
atm
osp
her
ic
dep
osi
tio
n
(se
e
Tab
Te
16)
.
The
nic
keT
Toa
d
to
Lak
e
Ont
ari
o f
rom
wat
er
dis
pos
aT
of
dre
dge
d
mat
eri
aTs
is
abo
ut
3%
of
the
est
ima
ted
tot
aT
Toa
d
to
the
Tak
e.
Thi
s
Toa
d
is
abo
ut
34%
as
Tar
ge
as
the
Toa
din
g
fro
m
Can
adi
an
sho
reT
ine
ero
sio
n
and
43%
as
Tar
ge
as
the
Toa
d
fro
m
atm
osp
her
ic
dep
osi
tio
n.
Tot
aT
pot
ent
iaT
dre
dge
d
mat
eri
aTs
Toa
d
is
abo
ut
5%
of
the
est
ima
ted
tot
aT
Tak
e
nic
keT
Toa
d.
Thi
s
is
60%
of
the
Toa
d
fro
m
Can
adi
an
sho
re
ero
sio
n
and
abo
ut
77%
as
Tar
ge
as
atm
osp
her
ic
Toa
din
g.
CHROMIUM (CR)
AnaTyticaT resuTts for chromium determination are reported for 52 Toca-
tion
s in
the
dred
ging
regi
ster
with
the
high
est
aver
age
conc
entr
atio
ns f
ound
at
Mic
hig
an
Cit
y,
Ind
ian
a (
#24)
wit
h 2
81
ug/
g;
Mon
roe
, M
ich
iga
n (
#4)
wit
h
159
ug/
g;
Gra
nd
Hav
en,
Mic
hig
an
(#7)
and
Rou
ge
Riv
er,
Mic
hig
an
(#6)
both with 157 ug/g; and Whitby, Ontario (#16) with 155 ug/g.
The
Tar
ges
t c
hro
miu
m b
urd
ens
wer
e a
sso
cia
ted
wit
h d
red
ged
mat
eri
aTs
fro
m
ToT
edo
,
Ohi
o,
and
Cuy
aho
ga
Riv
er/
CTe
veT
and
,
Ohi
o w
ith
374
t a
nd
334
t o
f
chr
omi
um,
res
pec
tiv
eTy
.
The
se
two
Toc
ati
ons
acc
oun
t f
or
34%
of
the
Gre
at
Lak
es
dre
dge
d m
ate
ria
Ts
chr
omi
um
bur
den
.
Hig
h c
hro
miu
m b
urd
ens
wer
e a
Tso
caT
cuT
ate
d f
or
Sag
ina
w R
.,
Mic
hig
an;
Mon
roe
,
Mic
hig
an;
and
Gre
en,
Bay
,
Wis
con
sin
wit
h
155
, 1
47
and
106
t o
f c
hro
miu
m,
res
pec
tiv
eTy
.
The
52
Toc
ati
ons
rep
ort
ing
chr
omi
um
ana
Tys
es
in
the
dre
dgi
ng
reg
ist
er
acc
oun
t f
or
abo
ut
76%
of
the
mat
eri
aTs
dre
dge
d i
n t
he
Gre
at
Lak
es
fro
m
197
5-1
979
.
The
24%
of
dre
dge
d m
ate
ria
Ts
wit
hou
t m
eas
ure
d c
hro
miu
m c
onc
ent
ra-
tio
ns
wer
e g
ive
n,
for
the
pur
pos
e o
f c
aTc
uTa
tin
g a
n e
sti
mat
e o
f t
ota
T
chr
omi
um
bur
den
in
Gre
at
Lak
es
dre
dge
d m
ate
ria
Ts,
bac
kgr
oun
d c
onc
ent
rat
ion
s o
f c
hro
miu
m
(se
e T
abT
e 5
).
Thi
s 2
4%
of
dre
dge
d m
ate
ria
Ts
acc
oun
ts
for
abo
ut
14%
of
the
est
ima
ted
chr
omi
um
Toa
d
in
Gre
at
Lak
es
dre
dge
d m
ate
ria
Ts.
An
est
ima
te
47
 fo
r
th
e
19
75
-1
97
9
dr
ed
ge
d
ma
te
ri
al
s
bu
rd
en
(t
)
of
ch
ro
mi
um
in
th
e
Gr
ea
t
La
ke
s
by
ba
si
n
an
d
co
un
tr
y
is
su
mm
ar
iz
ed
be
lo
w:
    
BA
SI
N
UN
IT
ED
ST
AT
ES
CA
NA
DA
TO
TA
L
Su
pe
ri
or
58
.5
7
30
.6
9
89
.2
6
Mi
ch
ig
an
25
0.
66
-
25
0.
66
Hu
ro
n
15
9.
64
10
.9
7
17
0.
62
Er
ie
1,
43
0.
30
47
.8
4
1,
47
8.
14
On
ta
ri
o
37
.1
5
55
.1
9
92
.3
4
TO
TA
L
1,
93
6.
33
14
4.
69
2,
08
1.
02
Ba
si
n
es
ti
ma
te
s
fo
r
ch
ro
mi
um
lo
ad
in
g
in
dr
ed
ge
d
ma
te
ri
al
s
di
sp
os
ed
of
in
wa
te
r
ar
e
su
mm
ar
iz
ed
be
lo
w:
    
TO
TA
L
CH
RO
MI
UM
(t
)
DI
SP
OS
ED
OF
OU
T
OF
TH
E
AQ
UA
TI
C
EN
VI
RO
NM
EN
T
UNITED
BA
SI
N
ST
AT
ES
CA
NA
DA
TO
TA
L
Su
pe
ri
or
25
.9
0
17
.2
7
43
.1
8
Mi
ch
ig
an
15
4.
23
-
15
4.
23
Hu
ro
n
15
1.
13
1.
57
15
2.
70
Er
ie
1,
06
1.
61
41
.8
6
1,
10
3.
47
On
ta
ri
o
1.
56
50
.9
5
52
.5
0
TO
TA
L
1,
39
4.
43
11
1.
64
1,
50
6.
07
An
es
ti
ma
te
of
ch
ro
mi
um
lo
ad
(t
)
in
dr
ed
ge
d
ma
te
ri
al
s
pl
ac
ed
in
co
nf
in
ed
di
sp
os
al
fa
ci
li
ti
es
or
up
la
nd
di
sp
os
al
si
te
s
is
su
mm
ar
iz
ed
fo
r
ea
ch
Gr
ea
t
Lakes basin below:
   
TO
TA
L
CH
RO
MI
UM
(t
)
DI
SP
OS
ED
OF
IN
TH
E
AQ
UA
TI
C
EN
VI
RO
NM
EN
T
UNITED
BA
SI
N
ST
AT
ES
CA
NA
DA
TO
TA
L
Su
pe
ri
or
32
.6
7
13
.4
2
46
.0
9
Mi
ch
ig
an
96
.4
3
-
96
.4
3
Hu
ro
n
8.
51
9.
40
17
.9
2
Er
ie
36
8.
70
5.
98
37
4.
67
On
ta
ri
o
35
.6
0
4.
24
39
.8
4
TO
TA
L
54
1.
90
33
.0
5
57
4.
95
Th
e
ch
ro
mi
um
lo
ad
to
La
ke
Su
pe
ri
or
fr
om
wa
te
r
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
s
is
1%
of
to
ta
l
tr
ib
ut
ar
y
so
ur
ce
s,
ho
we
ve
r,
dr
ed
ge
d
ma
te
ri
al
s
di
sp
os
al
lo
ad
in
g
is
12
ti
me
s
gr
ea
te
r
th
an
di
re
ct
in
du
st
ri
al
/m
un
ic
ip
al
in
pu
ts
.
To
ta
l
po
te
nt
ia
l
dr
ed
ge
d
ma
te
ri
al
s
ch
ro
mi
um
lo
ad
to
La
ke
Su
pe
ri
or
co
mp
ar
es
in
a
si
mi
la
r
ma
nn
er
to
bo
th
mu
ni
ci
pa
l/
in
du
st
ri
al
lo
ad
in
g
an
d
tr
ib
ut
ar
y
lo
ad
in
g.
48
   
  
The
chr
omi
um
loa
d t
o L
ake
Hur
on
fro
m w
ate
r d
isp
osa
l
of
dre
dge
d m
ate
ria
ls
is
abo
ut
60%
of
Can
adi
an
sho
rel
ine
ero
sio
n
loa
din
g,
abo
ut
75%
of
dir
ect
mun
ici
pal
/in
dus
tri
al
dis
cha
rge
loa
din
g b
ut
onl
y 0
.6%
of
tot
al
tri
but
ary
loa
d-
ing
s.
Tot
al
pot
ent
ial
dre
dge
d
mat
eri
als
loa
d
is
six
tim
es
the
Can
adi
an
sho
re-
lin
e e
ros
ion
loa
din
g,
abo
ut
sev
en
tim
es
the
dir
ect
mun
ici
pal
/in
dus
tri
al
dis
cha
rge
loa
din
g
but
onl
y
6%
of
the
siz
e
of
tri
but
ary
loa
din
g
to
Lak
e
Hur
on.
The
chr
omi
um
loa
d
to
Lak
e
Eri
e
fro
m w
ate
r
dis
pos
al
of
dre
dge
d
mat
eri
als
is
abo
ut
9%
of
the
est
ima
ted
tot
al
lak
e
loa
din
g.
Thi
s
loa
d
is
abo
ut
23%
as
lar
ge
as
the
loa
d c
ont
rib
ute
d b
y C
ana
dia
n s
hor
eli
ne
ero
sio
n.
Tot
al
pot
ent
ial
dre
dge
d
mat
eri
als
loa
din
g
is
abo
ut
35%
of
the
est
ima
ted
tot
al
lak
e
chr
omi
um
loa
din
g
and
is
abo
ut
equ
al
to
the
loa
d
fro
m
Can
adi
an
sho
rel
ine
ero
sio
n.
Th
e
ch
ro
mi
um
lo
ad
to
La
ke
On
ta
ri
o
fr
om
wa
te
r
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
s
is
3%
of
the
tot
al
est
ima
ted
lak
e
chr
omi
um
loa
din
g.
Thi
s
is
abo
ut
30%
as
lar
ge
as
loa
din
g
fro
m
Can
adi
an
sho
re
ero
sio
n.
The
tot
al
pot
ent
ial
dre
dge
d
mat
eri
als
chr
omi
um
loa
din
g
is
abo
ut
7%
of
the
tot
al
est
ima
ted
lak
e
chr
omi
um
whi
ch
is
abo
ut
71%
as
lar
ge
as
the
loa
din
g
fro
m
can
adi
an
sho
rel
ine
ero
sio
n.
DESIGNATION OF POTENTIAL PROBLEM AREAS
Sin
ce
197
5
and
in
acc
ord
anc
e
wit
h
rec
omm
end
ati
ons
of
the
Int
ern
ati
ona
l
Wo
rk
Gr
ou
p,
si
te
sp
ec
if
ic
ev
al
ua
ti
on
s
ha
ve
be
en
ma
de
on
dr
ed
gi
ng
pr
oj
ec
ts
.
The
se
eva
lua
tio
ns
hav
e
inv
olv
ed
con
sid
era
tio
ns
rel
ati
ng
to
the
dre
dge
sit
e,
met
hod
of
dre
dgi
ng,
qua
nti
ty
and
qua
lit
y
of
dre
dge
d
mat
eri
als
,
mea
ns
of
dis
pos
al
and
sch
edu
le
of
ope
rat
ion
s.
The
dec
isi
on
on
the
ult
ima
te
dis
pos
iti
on
of
th
e
dr
ed
ge
d
ma
te
ri
al
s
re
li
es
he
av
il
y
on
th
e
ph
ys
ic
al
an
d
ch
em
ic
al
cha
rac
ter
iza
tio
n
of
the
sed
ime
nt.
Alt
hou
gh
mos
t
of
the
inf
orm
ati
on
req
uir
ed
fo
r
su
ch
ev
al
ua
ti
on
s
is
co
nt
ai
ne
d
in
th
e
re
gi
st
er
,
it
wo
ul
d
no
t
be
pr
ac
ti
ca
l
to
do
the
se
ass
ess
men
ts
in
the
rep
ort
.
Ins
tea
d,
pot
ent
ial
pro
ble
m a
rea
s a
re
ide
nti
fie
d
on
the
bas
is
of
the
wei
ght
ed
ave
rag
e
con
cen
tra
tio
n
and
tot
al
loa
d
of
var
iou
s e
lem
ent
s
lis
ted
in
App
end
ix
7.2
and
Tab
le
19
of
Cha
pte
r 5
.
.Fo
r
vol
ati
le
sol
ids
,
COD
, o
il
and
gre
ase
, T
KN
and
amm
oni
a,
EPA
dre
dge
d s
edi
men
t
gui
del
ine
s
wer
e
use
d
fro
m
App
end
ix
3,
sin
ce
bac
kgr
oun
d
con
cen
tra
tio
ns
for
the
se
par
ame
ter
s
in
the
lak
es
wer
e n
ot
ava
ila
ble
as
for
the
oth
er
par
ame
ter
s
in
Tab
le
19.
The
pol
lut
ion
loa
din
gs
sec
tio
n o
f t
his
cha
pte
r a
lso
giv
es
an
indication of where problem areas may be found.
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 5. Guidelines for Project Evaluation
The Dredging Subcommittee has identified the following guidelines which
should be considered in a site-specific review of a dredging project on the
Great Lakes. For the most part the guidelines recognize existing review
programs operative on the Great Lakes and consider procedures used elsewhere
to assess dredging activities, e.g. ocean dumping legislation of the United
States and Canada. The essential components of an evaluation are presented in
Figure 4 and each of the ten steps are subsequently elaborated on. The in-
formation is not intended to be all-inclusive and'essential references are
provided to assist the reader in seeking clarification. The sequence of steps
identified in the flow chart is not necessarily the most desirable, but may be
dictated by existing knowledge, i.e. use of bioassessment is a preferred eval-
uative tool, but methodologies are still in the development stage.
HISTORICAL AND ECOLOGICAL EVALUATION
A brief historical review of dredging activities at a particular site is
necessary for adequate and prompt project evaluation. Historical information
for a particular dredging project should address the following: dredging fre-
quency and extent, quantities of sediments, physical and chemical character-
istics of sediments, known or suspected sources and types of potential sed-
iment contaminants, past dumping sites of dredged sediments and the benefits
and costs.
There are a number of economic variables that will be involved in any pro—
ject evaluation. In addition to the economic concerns relating to the main-
tenance of navigation depths for shipping and port viability, the substantial
costs of confined disposal necessitate the careful consideration of dredged
material disposal options.
An ecological overview of a dredging or disposal site should include some
assessment of rare or endangered plant and animal species and their habitats.
However, for the most part ecological evaluations should focus on the common
and/or important or potentially important species of an area and the con-
ditions that support or enhance their well-being. Migrations and reproductive
periods of animals dependent on aquatic resources should be considered in
dredging evaluations. Any known elevated levels of heavy metals or synthetic
organic compounds in the aquatic biota of the area should be documented.
Existing information on abnormal rates and types of tumor formation in aquatic
animals should be considered. Water quality in a project area should be known
and changes estimated either during or following dredging.
PHYSICAL CHARACTERIZATION OF SEDIMENTS
The characterization of sediment particle size and composition is of great
importance in determining potential uses and contamination levels. Sand and
coarser inorganic sediments seldom retain contaminants. Finer sediments,
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especially organic sediments of planktonic origin, will usually contain the
highest levels of contaminants in a given area. Plankton tend to remove heavy
metals and fat soluble synthetic organic compounds from the water column and
carry them to the bottom when they die. Non-biotic removal of contaminants
from the water column results from chemical precipitation, binding to fine
inorganic particles and complexing with dissolved organic substances.
ON-SITE EVALUATIONS
Sediment samples can generally be evaluated for possible contamination or
uses at the time of collection based on the classification in Table 18, and
such additional information as odours (normal, sewage, chemical, petroleum,
etc.), the presence of oil and grease, and unusual deposits or colour that
would further aid in evaluating possible uses or suggest contamination.
 
TABLE 18
SEDIMENT CHARACTERIZATION CATEGORIES
NAME CHARACTERISTICS
Bed Rock
Boulders >256 mm or 10" dia.
Rubble
Coarse Gravel
Medium Gravel
Fine Gravel
256 to 64 nm or 10" to 2.5"
64-32 mm or 2.5" to 1.2"
32—8 nm or 1.2" to 0.3"
8-2 nm
 
Sand Gritty texture, particles visible to naked eye
Coarse 2-0.5 am
Medium 0.5-0.25 nm
Fine 0.25-0.0625 um
Silts 0.0625-0.0078 nm
Clays (<0.0078 mm) Smooth, slick texture, sticks to
fingers
Marl Gray, fragments of shells and Chara
Detritus Wood, sticks, undecayed coarse plant material
Fibrous Peat Partially decomposed plant remains
Pulpy Peat Finely divided plant remains, green-brown
Muck Black, very finely divided plant material
  
Modified from Roelofs (1944) and Wentworth (1922).
LABORATORY EVALUATION
Analyses of sediment particle size and organic carbon content of samples
can be made in the laboratory to further ascertain the possible uses of dredg-
ed sediments. Analyses can be carried out by routine wet or dry sieving tech-
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niques, centrifuging, drying, weighing and ignition in a muffle furnace to
determine organic matter content or by other suitable methods to determine
total organic carbon. Sediments can be characterized as percentages of var-
ious particle size using the categories in Table 18. Sediment data can also
be expressed on the basis of phi size if further statistical analysis is
required (Krumbein and Pettijohn, 1938).
Detailed sediment analysis for particle size and organic matter content
not only allow judgments to be made about possible uses, but indicate the
possible impacts in areas of potential sediment disposal. Sediments with
significant organic content could benefit open lake benthic communities which
lack readily available energy sources. Coarser sediments placed in the open
lake such as boulders and gravel, could be a valuable substrate not only for
benthic animals but also for spawning sites for various fish species. I
However, disposal of sediments of a character different from that found at the
disposal site can have substantial adverse impacts on the existing benthic
community (see Appendix 2).
NO CONTAMINATION
Dredged material with an absence of appreciable contamination may be ex-
cluded from further evaluation if it meets one of the following guidelines:
a) material is composed predominantly of sand, gravel and rock and/or
the material is found in areas of high current or wave energy such as
streams with large bed loads or shoreline areas with shifting bars
and channels;
b) material is for beach nourishment or restoration and is composed pre-
dominantly of sand or gravel with particle sizes and colour compat-
ible with
material
on the
receiving
beaches;
c) material proposed for dumping is substantially the same in physical
and chemical properties as the sedimentary materials at the proposed
disposal site (where no chemical problems have been identified) and
d)
proposed dredging and disposal operations are identical to a past
activity which had been subjected to environmental review and no
significant contamination has been known to have occurred in the
meantime.
POSSIBLE CONTAMIIATION
Insufficient information is available on the quality of the sediments and
contamination may be suspected from the historical and ecological evaluation.
BULK
CHEMICAL
CHARACTERIZATION
The bulk analysis of sediments involves the determination of total con-
centrations of sediment constituents and does not recognize possible fractions
of the sediment contaminant load that are available and detrimental to either
water quality or the aquatic biota. To date, few cause-effect relationships
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have
been
esta
blis
hed
betw
een
bulk
sedi
ment
conc
entr
atio
ns a
nd b
ioti
c i
mpac
ts,
and
atte
mpts
to d
efin
e th
e po
llut
ion
stat
us o
f a
sedi
ment
sole
ly o
n th
e ba
sis
of b
ulk
anal
ysis
is q
uest
iona
ble.
One
stud
y on
the
Grea
t La
kes
(Mic
higa
n
Tech
nolo
gica
l U
nive
rsit
y,
1977
) d
id c
oncl
ude
that
bulk
anal
ysis
may
be a
d-
equa
te t
o es
tima
te b
iolo
gica
l ef
fect
s in
comp
arab
le
sing
le c
onta
mina
nt s
yste
ms
whil
e an
othe
r st
udy
usin
g be
nthi
c bi
oass
ays
(Pra
ter
and
Ande
rson
, 1
977)
foun
d
tentative relationships between observed benthic organism mortality and the
bulk sediment classification system of EPA.
Within the limitations of analytical capabilities (there can be signif-
ican
t pr
oble
ms a
ssoc
iate
d wi
th t
he a
naly
sis
of s
edim
ents
due
to c
ompl
ex c
hem-
ical
comp
osit
ions
),
bulk
anal
ysis
can
be r
outi
nely
used
to p
rovi
de a
n in
dica
-
tion
of r
elat
ive
sedi
ment
qual
ity
and
to s
cree
n fo
r pa
rame
ters
of c
once
rn
in
part
icul
ar w
ater
shed
s or
basi
ns o
f th
e Gr
eat
Lake
s.
The
info
rmat
ion
is a
lso
rele
vant
to l
oadi
ng c
alcu
lati
ons
and
the
deve
lopm
ent
of t
he d
redg
ing
regi
ster
for the Great Lakes (Appendix 7).
Duri
ng
init
ial
scre
enin
g of
sedi
ment
s un
der
eval
uati
on,
the
info
rmat
ion
pres
ente
d in
Tabl
e 19
on t
he r
elat
ive
sedi
ment
qual
ity
in t
he G
reat
Lake
s ca
n
be u
sed
for
comp
aris
on p
urpo
ses.
The
conc
entr
atio
n d
ata
are
base
d on
the
basinwide means for parameters of concern. The fine-grained silts, clays and
org
ani
c m
att
er
whi
ch
pre
dom
ina
te
in
the
dep
osi
tio
nal
bas
ins
of
the
lak
es
wou
ld
cont
ain
high
er c
once
ntra
tion
s of
chem
ical
cons
titu
ents
whil
e co
ncen
trat
ions
in
the
coa
rse
-gr
ain
ed
nea
rsh
ore
mat
eri
al
wou
ld
be
lowe
r.
In
an
int
erp
ret
ati
on
of
sediment quality at a dredge site, site-specific information on nearshore
sedi
ment
s,
shor
elin
e bl
uff
mate
rial
and
soil
s wi
thin
the
wate
rshe
d wo
uld
assist in determining natural background conditions.
The
cate
gori
es
in T
able
19 f
ollo
w th
ose
of P
LUAR
G (
1978
) wh
ich
rank
ed v
ar-
ious trace e ements according to their present or potential status as an
environmental hazard. An element was included if it had the potential for
transformation to a toxic methylated form or if the sediments and organisms
were enriched with the element. Polychlorinated biphenyls (PCBs) were added
to Category I and an additional category was established for phosphorus.
The list of parameters in Table 19 is not all-inclusive and the sediments
should be characterized chemically as completely as possible. Additional
chemical characterization of sediments may be needed depending upon the nature
of the watershed and information gathered during the historical and ecological
evaluations (see EPA and MOE guidelines in Appendix 3 for additional param-
eters). Concern should be focused on the persistent organics which are being
identified in the Great Lakes Basin.
In an interpretation of sediment chemical data the following site-specific
considerations are relevant:
a) chemical quality of sediments at a proposed offshore disposal site;
b) some investigators have identified contaminant enrichment of surf-
icial lake sediments due to loadings from human activities:
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 TABLE 19
AVERAGE CONCENTRATIONS (DRY WT.)
0F SUPFICIAL SEDIMENT CONSTITUENTS IN THE GREAT LAKES
 
LME LME LME LME LME
ONTARIO ERIE HURON MICHIGAN SUPERIOR
CATEGORY I
ug/g
PCBs 0.07700891 0.07402521 0.00900331 0.00972 0.0301
Mercury 0.653 (0.07) 0.58“ (0.08) 0.22” (0.08) 0.107 (0.06) 0.08“ (0.07)
Lead 1063 (30) 112“ (28) 49“ (22) 4O6 (19) 44“ (21)
CATEGORY II
ug/g
Arsenic 3.33 3.26 1.1“ 10.55 (5.3) 1 7
Cadmium 2.53 (1.3) 2.57 (1.1) 1.4“ (0.7) 0.95 1 2“ (0.6)
Selenuim 1.06 0.796 0.96 1.28 (1.8)8 O 66
CATEGORY III
ug/g
Copper 503 (44) 397 (29) 32“ (41) 225 (21) 82“ (62)
Zinc 1927 (105) 1777 (98) 62“ (83) 975 (74) 97“ (106)
Chromium 483 537 32“ (36) 465 (62) 163“ (51)
Nickel 523 49“ 39“ (47) 245 (36) 95“ (57)
CATEGORY Iv
m9/9
Total
Phosphorus* 0.9107 0.9607 0.5707 0.6509 0.6107
      
*Total phosphorus as P.
)Values in parentheses denote average natural or pre—colonial concentrations from depositional
zones as determined by Kemp and Thomas (1976); Kemp et al. (1978); Frye and Shimp (1973). Lake
Michigan values are calculated from Cahill (1981) and Frye and Shimp (1973).
lPLUARG (1978).
2R. Frank, R. L. Thomas, H. E. Braun, D. L. Gross and T. T. Davies. "Organo Chlorine Insecticides
and PCB in Surficial Sediments of Lake Michigan (1975)" J. of G. L. Research, VII (1): 42-50.
Int'l. Assoc. of G. L. Res. 1981.
3ImpTementation Cannittee Report to the Water Quality Board (1977).
“Implementation Committee Report to the Water Quality Board (1978).
5Cahill (1981).
(“Traversy et al. (1975).
'7International Working Group Report (1975).
8Cahill (personai comrunication).
9Frye and Shimp (1973).
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 Lake Ontario - Hg, Pb, Zn, Cd, Cu Kemp and Thomas, 1976
Lake Erie - Hg, Pb, Zn, Cd, Cu Kemp and Thomas, 1976
Lake Michigan- Hg, Pb, Zn, Cu, Cr (Leland et al., 1973)
Lake Huron - Pb, Zn, Ni, Cd (Kemp et al., 1978)
Lake Superior- Hg, Pb, Cu, Cd (Kemp et al., 1978)
 
c) significance of the dredging activity in aggravating offshore
sediment quality relative to other identified point and diffuse
sources of sediments and contaminants and
d) significance of controlling the dredging activity relative to other
programs directed to control sediment and contaminant input to the
lake.
THE ELUTRIATE TEST
BACKGROUND
The elutriate test is intended to simulate the dredging and disposal pro-
cess. The test consists of mixing one part of sediment from the dredging site
with four parts of water (volume basis) from the dredging site, shaking vigor—
ously for 30 minutes then allowing settling for one hour. Centrifugation and
filtration (0.45 p filter) follow. The resulting filtered water is called
the elutriate (Environmental Effects Laboratory, 1976).
APPLICATION
The elutriate is intended to represent the dissolved, immediately-releas-
able fraction of the various chemical constituents in the dredged material as
the material passes through the water column following disposal. The elut-
riate concentrations, the dissolved concentrations at the proposed disposal
site, applicable water quality standards and IJC water quality objectives are
used together with physical characteristics of the disposal site and disposal
method to calculate the mixing zone theoretically needed to dilute the dredged
material discharge to an acceptable level. The calculated mixing zone is com-
pared to the geographical limits of the authorized disposal site to determine
whether the discharge will meet the applicable standards or objectives at the
perimeter of the authorized disposal site (Environmental Effects Laboratory,
976 .
COMPARISON OF ELUTRIATE TEST RESULTS WITH ACTUAL RELEASES UPON DISPOSAL
Contaminants consistently released from sediments in the elutriate test
include manganese and ammonia (Lee, 1976) as well as TKN and COD (Kizlauskas,
1979), and contaminants frequently released include TOC, arsenic and phenols,
(Kizlauskas, 1979). For comparison, contaminants consistently released in
actual disposal operations include manganese and ammonia (Wright, 1978), in
general agreement with the elutriate test as noted above. However, in actual
disposal operations, phosphorus is also found to be frequently released and
TOC and arsenic infrequently released, in contrast to the elutriate test
results (Wright, 1978; Sly, 1977).
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The
Asht
abul
a Aq
uati
c Di
spos
al
Fiel
d In
vest
igat
ion
(Wye
th a
nd S
ween
ey,
197
8)
inc
lud
ed
a c
omp
ari
son
of
elu
tri
ate
v§;
_ac
tua
l r
ele
ase
, i
.e.
mon
ito
red
dur
ing
actu
al
dis
pos
al.
The
dis
pos
al
ope
rat
ion
s w
ere
of
the
typ
e m
ost
typ
ica
l
in
the
Gre
at
Lak
es,
dis
cre
te
dum
ps
of
mat
eri
al
fro
m h
opp
ers
or
bar
ges
.
Tha
t
stu
dy
con
clu
ded
tha
t t
he
elu
tri
ate
tes
t w
as
not
an
ade
qua
te
tool
for
cha
r—
act
eri
zin
g d
red
ged
mat
eri
als
wit
h r
ega
rd
to
pot
ent
ial
rel
eas
e o
f c
ont
ami
nan
ts
upo
n o
pen
lake
dis
pos
al,
sin
ce
a n
umb
er
of
var
iab
les
, i
ncl
udi
ng
POu
-P
and
mer
cur
y t
hat
did
not
sho
w m
ark
ed
rel
eas
e i
n t
he
elu
tri
ate
tes
t w
ere
see
n t
o
inc
rea
se
sig
nif
ica
ntl
y i
n t
he
act
ual
dis
pos
al
ope
rat
ion
s m
oni
tor
ing
.
Anot
her
comp
aris
on o
f el
utri
ate
resu
lts
with
fiel
d me
asur
emen
ts
invo
lved
a
con
tin
uou
s p
ipe
lin
e d
isc
har
ge
of
dre
dge
d m
ate
ria
l (
Gri
mwo
od
and
McG
hee
,
1979
).
Sta
tis
tic
al
ana
lys
es
of
the
dis
tri
but
ion
s o
f t
he
elu
tri
ate
rel
eas
es
and
the
act
ual
mea
sur
ed
rel
eas
es
sho
wed
goo
d a
gre
eme
nt
for
COD,
chr
omi
um
and
phe
nol
; s
lig
htl
y p
oor
er
agr
eem
ent
for
cad
miu
m,
ars
eni
c,
TKN,
nic
kel
and
zin
c;
and
rat
her
poo
r a
gre
eme
nt
for
lead
, m
erc
ury
and
cop
per
.
Sug
ges
tio
ns
for
imp
rov
ing
the
pre
dic
tiv
e c
apa
bil
ity
of
the
elu
tri
ate
tes
t
incl
ude:
perf
ormi
ng t
he t
est
in t
he f
ield
as s
oon
as t
he s
ampl
es a
re c
ol-
lec
ted
(Let
ki
and
Wye
th,
197
7);
dec
rea
sin
g t
he
per
cen
tag
e o
f s
edi
men
t i
n t
he
tes
t f
rom
20%
to
5%
(Le
e e
t a
l.,
1975
) o
r l
ess
(Sn
itz
et
al.,
1979
) a
nd
aer
—
ati
ng
the
sam
ple
dur
ing
the
tes
t t
o k
eep
the
elu
tri
ate
fro
m g
oin
g a
nox
ic
due
to oxygen consuming contaminants in the sediments (Lee, 1976).
CONTAMINANTS PRESENT
Con
tam
ina
nts
of
con
cer
n,
par
tic
ula
rly
tho
se
tha
t a
re
tox
ic
or
tha
t b
io-
acc
umu
lat
e,
are
fou
nd
at
sig
nif
ica
nt
con
cen
tra
tio
ns
in
the
bul
k s
edi
men
t
characterization and/or the elutriate test.
SEVERE CONTAMINATION IDENTIFIED
Sev
ere
con
tam
ina
tio
n o
f t
he
sed
ime
nts
may
hav
e o
ccu
rre
d f
rom
pas
t a
c-
cid
ent
al
spi
lls
or
ind
ust
ria
l
dis
cha
rge
s,
e.g
.
PCB
con
tam
ina
tio
n
at
Wau
keg
an,
Illinois.
BIOASSESSMENT (EVALUATION OF SEDIMENT QUALITY)
The
ult
ima
te
con
cer
n
in
eva
lua
tin
g a
ny
dre
dgi
ng
or
dre
dge
d m
ate
ria
l
dis
-
pos
al
act
ivi
ty
is
its
imp
act
on
the
bio
ta.
Thi
s
dis
cus
sio
n
is
lim
ite
d
to
aqu
ati
c o
rga
nis
ms,
bec
aus
e t
hey
are
mos
t
lik
ely
to
be
dir
ect
ly
aff
ect
ed
by
dredging and dredged material disposal.
 
Bec
aus
e o
f t
he
con
cer
n w
ith
pre
-dr
edg
ing
tes
tin
g o
f s
edi
men
ts,
tec
hni
que
s
suc
h a
s s
amp
lin
g b
efo
re,
dur
ing
and
aft
er
dre
dgi
ng
to
mea
sur
e s
pec
ies
com
pos
i-
tio
n s
hif
ts,
(ec
olo
gic
al
eff
ect
s)
wil
l n
ot
be
dis
cus
sed
in
thi
s s
ect
ion
.
For
the
pur
pos
es
of
thi
s r
epo
rt,
bio
log
ica
l
eva
lua
tio
n o
f s
edi
men
t q
ual
ity
in-
clu
des
onl
y p
re-
ope
rat
ion
al
tes
ts,
exp
osu
re
of
app
rop
ria
te
org
ani
sms
to
sed
-
ime
nts
so
tha
t l
eth
al
or
sub
let
hal
res
pon
ses
can
be
mea
sur
ed.
Thr
ee
bas
ic
typ
es
of
tes
ts
can
be
emp
loy
ed:
1)
Alg
al
bio
ass
ays
--
mea
sur
ing
eff
ect
s o
f
che
mic
al
con
sti
tue
nts
on
pri
mar
y p
rod
uct
ion
2)
Ani
mal
bio
ass
ay
--
mea
sur
ing
acu
te
tox
ici
ty
or
chr
oni
c e
ffe
cts
suc
h
as
rep
rod
uct
ive
imp
air
men
t a
nd
3)
Ac-
cum
ula
tio
n s
tud
ies
--
mea
sur
ing
any
inc
rea
se
of
per
sis
ten
t a
nd/
or
tox
ic
con
-
taminants due to exposure of the animals to sediments.
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 Before biological evaluations of sediment quality can be employed, stand-
ard procedures and reasonable criteria for evaluating the results of these
test
s mu
st b
e de
velo
ped.
The
foll
owin
g se
ctio
ns d
iscu
ss s
ome
appr
oach
es o
n
how
stan
dard
proc
edur
es a
nd a
ppro
pria
te c
rite
ria
coul
d be
deve
lope
d a
nd u
sed.
GENERAL PROCEDURES
Consistent with other hazard evaluation techniques, the procedures for
test
ing
sedi
ment
shou
ld s
imul
ate
the
"wor
st c
ase.
“
Any
pre-
oper
atio
nal
test
-
ing
will
by d
efin
itio
n re
quir
e th
e co
llec
tion
of r
epre
sent
ativ
e s
edim
ent
from
an a
rea
to b
e dr
edge
d a
nd t
he s
ubse
quen
t l
abor
ator
y ex
posu
re o
f ap
prop
riat
e
organisms.
Methods for conducting phytoplankton and animal bioassays as well as bio—
accu
mula
tion
proc
edur
es
are
publ
ishe
d in
Ecol
ogic
al
Eval
uati
on o
f Pr
opos
ed
Dis
cha
rge
of
Dre
dge
d M
ate
ria
ls
int
o O
cea
n W
ate
rs,
(EPA
and
Cor
ps
of
Eng
ine
ers
,
1977). These methods are quite detailed Concerning the statistical considera-
tion
s fo
r th
is t
ype
of w
ork,
but
some
are
lack
ing
in d
etai
ls
of h
ow t
o co
nduc
t
the
expo
sure
s.
The
proc
edur
es
give
n fo
r bi
oacc
umul
atio
n st
udie
s a
re e
spec
ial-
ly v
ague
.
Cond
ucti
ng l
iqui
d ph
ase
bioa
ssay
s us
ing
phyt
opla
nkto
n as
desc
ribe
d
by t
he r
efer
ence
d do
cume
nt s
houl
d pr
ovid
e a
reas
onab
le
eval
uati
on o
f th
e re
l-
ati
ve
nut
rie
nt
enr
ich
men
t o
f t
he
dre
dge
d m
ate
ria
l a
nd
the
sho
rt-
ter
m e
ffe
cts
this
enri
chme
nt m
ay h
ave
on p
rima
ry p
rodu
ctio
n.
Both
the
anim
al
bioa
ssay
and
the
bioa
ccum
ulat
ion
proc
edur
es w
ere
desi
gned
to s
imul
ate
the
disp
osal
of
dred
ged
mate
rial
, ma
king
an a
ttem
pt t
o se
para
te t
he e
ffec
ts o
f th
e se
dime
nt
liq
uid
pha
se
fro
m t
he
sol
id
pha
se.
How
eve
r,
org
ani
sms
inc
lud
ing
fis
h a
re
exp
ose
d t
o s
edi
men
ts
dur
ing
dre
dgi
ng,
oft
en
in
con
fin
ed
har
bou
rs,
and
bec
aus
e
the
sedi
ment
s di
stur
bed
duri
ng t
he d
redg
ing
acti
vity
are
usua
lly
anae
robi
c,
the
pote
ntia
l e
ffec
ts a
re g
reat
est
at t
hat
time
. T
here
fore
, t
o co
nduc
t
stu
die
s (
bio
ass
ay
and
bio
acc
umu
lat
ion
) d
esi
gne
d t
o e
val
uat
e t
he
"wo
rst
cas
e",
the
exp
osu
re
sho
uld
inc
lud
e s
edi
men
t c
omp
ara
ble
in
che
mic
al
con
dit
ion
to
tha
t
fou
nd
at
the
tim
e o
f c
oll
ect
ion
.
The
org
ani
sms
sho
uld
be
exp
ose
d t
o a
slu
rry
of
the
se
sed
ime
nts
,
sim
ula
tin
g c
ond
iti
ons
of
dre
dgi
ng
or
con
tin
uou
s d
isp
osa
l.
Liq
uid
pha
se
tes
tin
g e
val
uat
es
the
pot
ent
ial
eff
ect
s o
f c
ont
ami
nan
ts
rel
eas
ed
fro
m t
he
sed
ime
nt
(us
ual
ly
aer
obi
c s
edi
men
ts
due
to
col
lec
tio
n a
nd
sto
rag
e
tec
hni
que
s),
but
org
ani
sms
may
acc
umu
lat
e c
ont
ami
nan
ts
dir
ect
ly
fro
m t
he
sol
ids
in
the
sed
ime
nts
wit
hou
t
any
mea
sur
abl
e r
ele
ase
to
the
liq
uid
pha
se.
The
com
bin
ati
on
of
str
ess
due
to
bot
h t
he
inc
rea
se
in
sus
pen
ded
sol
ids
and
che
mic
al
con
tam
ina
nts
ass
oci
ate
d w
ith
the
sed
ime
nts
may
cau
se
sub
sta
nti
all
y
gre
ate
r e
ffe
cts
on
the
org
ani
sms
tha
n e
xpo
sur
e t
o e
ith
er
the
liq
uid
or
sol
id
phase individually.
TEST ORGANISMS
Sel
ect
ion
of
tes
t o
rga
nis
ms
is
an
ext
rem
ely
con
tro
ver
sia
l t
opi
c.
For
ani
mal
exp
osu
res
, t
he
org
ani
sms
use
d m
ost
fre
que
ntl
y a
re
bot
tom
dwe
lli
ng
ses
-
sil
e a
nim
als
such
as
mol
lus
ks
or
imm
atu
re
ins
ect
s.
Bec
aus
e t
hes
e i
nve
rt-
ebr
ate
s g
ene
ral
ly
hav
e l
ow
lip
id
con
ten
t a
nd
usu
all
y e
lim
ina
te
con
tam
ina
nts
rapi
dly,
they
make
poor
conc
entr
ator
s of
orga
nic
(low
solu
bili
ty i
n wa
ter)
com
pou
nds
.
Man
y o
f t
he
Gre
at
Lak
es
har
bou
rs
fun
cti
on
as
rea
rin
g g
rou
nds
for
juv
eni
le
fis
h,
so
tha
t w
hen
the
se
har
bou
rs
are
dre
dge
d t
he
con
tac
t b
etw
een
the
sed
ime
nts
and
the
se
you
ng
fis
h t
emp
ora
ril
y i
ncr
eas
es.
The
ref
ore
, y
oun
g f
ish
,
pos
sib
ly
yel
low
per
ch
or
cha
nne
l c
atf
ish
(bot
h c
omm
onl
y f
oun
d i
n t
he
Gre
at
  
La
ke
s)
,
wo
ul
d
ma
ke
ex
ce
ll
en
t
te
st
or
ga
ni
sm
s
fo
r
bi
oa
cc
um
ul
at
io
n
st
ud
ie
s.
For
bi
oa
ss
ay
s
wh
er
e
ac
ut
e
to
xi
ci
ty
or
re
pr
od
uc
ti
ve
su
cc
es
s
is
to
be
me
as
ur
ed
,
zo
o—
pl
an
kt
on
wo
ul
d
ma
ke
ex
ce
ll
en
t
te
st
or
ga
ni
sm
s,
co
ns
id
er
in
g
th
ei
r
re
la
ti
ve
se
ns
-
it
iv
it
y
to
co
nt
am
in
an
ts
an
d
re
la
ti
ve
ly
sh
or
t
li
fe
cy
cl
es
.
Th
e
or
ig
in
of
th
e
te
st
or
ga
ni
sm
sh
ou
ld
be
fr
om
la
bo
ra
to
ry
or
ha
tc
he
ry
st
oc
k
al
lo
wi
ng
mu
ch
be
tt
er
co
mp
ar
ab
il
it
y
be
tw
ee
n
te
st
s
on
di
ff
er
en
t
ha
rb
ou
rs
an
d
as
su
ri
ng
th
at
or
ga
ni
sm
s
wi
ll
be
av
ai
la
bl
e
in
ad
eq
ua
te
nu
mb
er
s
at
al
l
ti
me
s
of
th
e
ye
ar
.
CRITERIA FOR TEST RESULTS
Ev
al
ua
ti
ng
th
e
re
su
lt
s
of
a
bi
oa
ss
ay
or
bi
oa
cc
um
ul
at
io
n
te
st
ca
n
be
a
di
f-
fi
cu
lt
pr
oc
es
s.
Se
tt
in
g
cr
it
er
ia
fo
r
ju
dg
in
g
re
su
lt
s
fr
om
ac
ut
e
to
xi
ci
ty
te
st
s
ha
s
al
wa
ys
be
en
a
di
ff
ic
ul
t,
ra
th
er
su
bj
ec
ti
ve
,
ex
er
ci
se
.
Cu
rr
en
t
wa
te
r
qu
al
it
y
cr
it
er
ia
ar
e
de
ri
ve
d
us
in
g
an
es
ti
ma
te
of
th
e
co
nc
en
tr
at
io
n
of
a
gi
ve
n
co
nt
am
in
an
t
th
at
ki
ll
s
50
%
of
th
e
or
ga
ni
sm
s
and
th
is
LCs
o
va
lu
e
is
mu
lt
ip
li
ed
by
a
sa
fe
ty
fa
ct
or
or
ap
pl
ic
at
io
n
fa
ct
or
ba
se
d
on
re
su
lt
s
of
ch
ro
ni
c
te
st
s.
A
no
-e
ff
ec
t
co
nc
en
tr
at
io
n,
us
ua
ll
y
a
ve
ry
di
lu
te
co
nc
en
tr
at
io
n,
is
ca
lc
ul
at
ed
and
us
ed
as
a
cr
it
er
io
n.
Un
fo
rt
un
at
el
y,
di
lu
ti
on
is
no
t
a
re
al
is
ti
ca
ll
y
ac
hi
ev
ab
le
so
lu
ti
on
to
al
le
vi
at
e
th
e
to
xi
ci
ty
of
se
di
me
nt
co
nt
am
in
an
ts
as
-
so
ci
at
ed
wi
th
dr
ed
gi
ng
or
co
nt
in
uo
us
di
sp
os
al
.
Th
er
ef
or
e,
we
mu
st
de
ve
lo
p
te
st
in
g
pr
ot
oc
ol
th
at
co
mp
ar
es
th
e
to
xi
ci
ty
of
th
e
se
di
me
nt
to
be
dr
ed
ge
d
wi
th
a
re
fe
re
nc
e
se
di
me
nt
,
ra
th
er
th
an
ca
lc
ul
at
in
g
a
no
-e
ff
ec
t
co
nc
en
tr
at
io
n.
Or
it
mu
st
de
ci
de
ho
w
mu
ch
mo
rt
al
it
y
is
ac
ce
pt
ab
le
.
Us
e
of
se
di
me
nt
fr
om
th
e
di
sp
os
al
si
te
as
re
fe
re
nc
e
ma
te
ri
al
re
su
lt
s
in
a
se
ri
ou
s
ri
sk
be
ca
us
e
th
e
ma
te
ri
al
at
th
e
di
sp
os
al
si
te
ma
y
be
fr
om
a
pr
ev
io
us
di
sp
os
al
op
er
at
io
n.
In
the
abs
enc
e
of
a s
uit
abl
e
ref
ere
nce
sed
ime
nt,
the
num
ber
of
org
ani
sms
th
at
ca
n
be
ki
ll
ed
wi
th
ou
t
al
te
ri
ng
th
e
ba
la
nc
e
of
th
e
ec
os
ys
te
m
in
qu
es
ti
on
has
to
be
de
te
rm
in
ed
,
cu
rr
en
tl
y
a
di
ff
ic
ul
t
if
not
im
po
ss
ib
le
ta
sk
.
Se
tt
in
g
cr
it
er
ia
ba
se
d
on
re
pr
od
uc
ti
ve
im
pa
ir
me
nt
st
ud
ie
s
is
ev
en
mo
re
te
nu
ou
s
be
ca
us
e
th
es
e
da
ta
re
pr
es
en
t
on
ly
th
e
nu
mb
er
s
of
or
ga
ni
sm
s
th
at
mi
gh
t
no
t
be
pr
od
uc
ed
as
a
re
su
lt
of
ex
po
su
re
to
se
di
me
nt
s.
Cr
it
er
ia
fo
r
ev
al
ua
ti
ng
th
e
re
su
lt
s
of
bi
oa
cc
um
ul
at
io
n
st
ud
ie
s
co
ul
d
be
si
mp
le
as
st
at
ed
in
Ec
ol
og
ic
al
Ev
al
ua
ti
on
of
Pr
op
os
ed
Di
sc
ha
rg
e
of
Dr
ed
ge
d
Ma
te
ri
al
in
to
Oc
ea
n
Wa
te
rs
,
(E
PA
and
Co
rp
s
of
En
gi
ne
er
s,
19
77
)
as
fo
ll
ow
s:
"T
he
re
fo
re
,
th
is
gu
id
an
ce
re
co
mm
en
ds
th
e
en
vi
r—
on
me
nt
al
ly
pr
ot
ec
ti
ve
ap
pr
oa
ch
of
as
su
mi
ng
th
at
an
y
st
at
is
ti
ca
ll
y
si
gn
if
ic
an
t
di
ff
er
en
ce
in
ti
ss
ue
co
nc
en
tr
at
io
ns
be
tw
ee
n
co
nt
ro
l
an
d
ex
po
se
d
or
ga
ni
sm
s
ar
e
a
po
te
nt
ia
l
ca
us
e
fo
r
co
nc
er
n.
"
St
at
in
g
th
at
an
y
si
gn
if
ic
an
t
ac
cu
mu
la
ti
on
of
co
nt
am
in
an
ts
is
po
te
nt
ia
ll
y
ha
rm
fu
l
ne
ed
on
ly
be
qu
al
if
ie
d
by
st
at
in
g
th
at
th
e
re
la
ti
ve
to
xi
ci
ty
of
va
ri
ou
s
co
nt
am
in
an
ts
sh
ou
ld
be
co
ns
id
er
ed
wh
en
ev
al
ua
ti
ng
th
e
se
ri
ou
sn
es
s
of
th
e
ob
se
rv
ed
ac
cu
mu
la
ti
on
.
Fo
r
ex
am
pl
e,
ch
lo
ri
na
te
d
hy
dr
o-
ca
rb
on
s
ar
e
mo
re
to
xi
c
to
aq
ua
ti
c
or
ga
ni
sm
s
th
an
ir
on
.
Re
la
ti
ve
to
xi
ci
ti
es
fo
r
ma
ny
co
mp
ou
nd
s
an
d
el
em
en
ts
ar
e
pu
bl
is
he
d
ma
ki
ng
th
is
ap
pr
oa
ch
qu
it
e
po
s-
si
bl
e.
In
ad
di
ti
on
to
co
ns
id
er
in
g
di
re
ct
ef
fe
ct
s
of
in
cr
ea
se
d
bu
rd
en
s
of
co
n-
ta
mi
na
nt
s
on
aq
ua
ti
c
or
ga
ni
sm
s,
bi
oa
cc
um
ul
at
io
n
th
at
ma
y
ev
en
tu
al
ly
af
fe
ct
hi
gh
er
le
ve
ls
in
th
e
fo
od
ch
ai
n,
in
cl
ud
in
g
hu
ma
n
be
in
gs
,
mu
st
be
co
ns
id
er
ed
.
SUMMARY
Bi
oa
ss
es
sm
en
t
of
se
di
me
nt
s
sh
ou
ld
be
co
nd
uc
te
d
on
a
"w
or
st
ca
se
"
ba
si
s
si
mu
la
ti
ng
th
e
po
te
nt
ia
ll
y
mo
st
ri
go
ro
us
co
nd
it
io
ns
du
ri
ng
dr
ed
gi
ng
or
di
s-
po
sa
l.
St
an
da
rd
iz
ed
pr
oc
ed
ur
es
mu
st
be
de
ve
lo
pe
d
fo
r
co
nd
uc
ti
ng
bi
oa
ss
ay
s
an
d
bi
oa
cc
um
ul
at
io
n
st
ud
ie
s;
me
an
in
gf
ul
cr
it
er
ia
mu
st
be
ad
op
te
d
to
ev
al
ua
te
bi
o-
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 ass
ay
res
ult
s a
nd
cri
ter
ia
for
bio
acc
umu
lat
ion
tes
ts
sho
uld
sta
te
tha
t a
ny
acc
umu
lat
ion
of
tox
ic
mat
eri
als
by
tes
t o
rga
nis
ms
sho
uld
be
con
sid
ere
d a
cau
se
for concern.
EVALUATION OF DREDGED MATERIAL DISPOSAL OPTIONS
During a site—specific evaluation of dredged material disposal options,
all
prac
tica
l a
lter
nati
ves
to t
he d
isch
arge
of m
ater
ials
into
the
wate
rs
of
the Great Lakes should be considered.
The
use
of
dre
dge
d m
ate
ria
ls
for
any
one
par
tic
ula
r n
eed
or
pro
jec
t i
s
depe
nden
t up
on t
he t
ype
of m
ater
ial
to b
e di
spos
ed o
f an
d th
e de
gree
of c
on-
tam
ina
tio
n.
Thi
s s
hou
ld
be
fur
the
r r
efi
ned
as
to
the
typ
e o
f c
ont
ami
nat
ion
,
e.g.
hea
vy
met
als
or
org
ani
c p
oll
uta
nts
.
Whe
n e
xce
ssi
ve
con
tam
ina
tio
n i
s
evi
den
t,
the
mat
eri
al
sho
uld
be
con
fin
ed
to
pre
clu
de
any
per
col
ati
on
into
adj
ace
nt
wat
er
bod
ies
or
int
o t
he
gro
und
wat
er.
In
the
con
sid
era
tio
n o
f d
is-
pos
al
opt
ion
s a
ll
loca
l,
sta
te/
pro
vin
cia
l'a
nd
fed
era
l l
aws,
reg
ula
tio
ns
and
gui
del
ine
s g
ove
rni
ng
suc
h d
isp
osa
l m
ust
be
add
res
sed
and
con
for
med
to.
A c
ons
ide
rab
le
amo
unt
of
exp
eri
enc
e h
as
acc
umu
lat
ed
on
dre
dge
d m
ate
ria
l
dis
pos
al
opt
ion
s a
nd
muc
h o
f t
his
exp
eri
enc
e i
s d
ocu
men
ted
in
the
rep
ort
s o
f
the
Dre
dge
d M
ate
ria
l R
ese
arc
h P
rog
ram
of
the
U.S.
Arm
y C
orp
s o
f E
ngi
nee
rs.
Opt
ion
s a
nd/
or
use
s o
f d
red
ged
mat
eri
al
are
out
lin
ed
bel
ow.
AGRICULTURE
Dre
dge
d m
ate
ria
l c
an
be
use
d b
ene
fic
ial
ly
to
enr
ich
soi
ls
for
agr
icu
ltu
ral
pur
pos
es,
par
tic
ula
rly
whe
n m
arg
ina
l s
oil
s o
f l
ow
pro
duc
tiv
ity
are
loc
ate
d i
n
the
vic
ini
ty
of
the
dre
dgi
ng
are
a (
Gup
ta
et
al.,
197
8).
For
gui
dan
ce
whe
n
cons
ider
ing
the
impl
icat
ions
of c
onta
mina
nts
in t
he m
ater
ial,
one
shou
ld r
efer
to the guidelines or regulations which are being developed in the juris-
dict
ions
for
the
land
appl
icat
ion
of s
ewag
e sl
udge
.
In s
ome
case
s,
area
s us
ed
for non-food crops (e.g. tree and sod farms) may be preferred.
RECREATIONAL
Dredged material containment areas, e.g. parks, marinas, have provided
recr
eati
onal
use
bene
fits
in a
numb
er o
f ca
ses
(Wal
sh a
nd M
alka
sian
, 1
978)
.
A
sign
ific
ant
amou
nt o
f re
crea
tion
al
deve
lopm
ent
is o
ccur
ring
alon
g th
e sh
ore-
line
s of
the
Grea
t La
kes
and
oppo
rtun
itie
s ar
e of
ten
avai
labl
e to
inco
rpor
ate
dredged materials into associated structures.
INDUSTRIAL
Fill
ed a
reas
alon
g wa
terw
ays
prov
ide
desi
rabl
e si
tes
for
many
muni
cipa
l
and
ind
ust
ria
l u
ses
suc
h a
s f
act
ori
es
and
wat
er
tre
atm
ent
pla
nts
(Wa
lsh
and
Malk
asia
n,
1978
).
They
are
part
icul
arly
desi
rabl
e wh
ere
the
fact
ory
or
in-
dus
try
is
to
be
ser
vic
ed
by
shi
ppi
ng.
How
eve
r,
imp
act
s o
f s
uch
fil
lin
g o
n t
he
environment must be carefully evaluated.
HABITAT DEVELOPMENT
Obse
rvat
ions
have
indi
cate
d ma
ny s
peci
es o
f fi
sh a
re a
ttra
cted
to a
reas
wher
e th
ere
is p
rote
ctio
n, c
over
and
food
sour
ces.
It m
ay b
e po
ssib
le t
o pr
o-
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vide such conditions through careful placement of dredged material so as to
produce a suitable bottom topography. Uncontaminated material can be placed
on the lake bottom in the form of submerged reefs or random hummocks. Whether
or not the need exists to armour these areas with rock or similar material is
dependent upon the nature of the material to be placed, the depth at which it
is placed and the water currents in the area.
Much the same effect can be achieved with confined contaminated material
in the form of barrier reefs. Prolonged high water levels and storm induced
wave action along many beaches of the Great Lakes have created severe shore-
line erosion and wetlands degradation. Well planned placement of confined
disposal facilities and barrier reefs will not only stop this degradation but
would result in the restoration of the marsh habitat. These reefs must be
armoured with large stone riprap to protect the integrity of the confinement
area. An example of such a use can be found at Point Mouillee in the western
basin of Lake Erie where a 700 acre containment area is being developed to
protect a large waterfowl marsh managed by the State of Michigan.
Frequently, dredging projects in the Great Lakes are located in the fly-
ways of migratory waterfowl and other aquatic birds. Disposal areas, properly
planned and vegetated, can produce eXcellent avian habitat and resting sites
(Scots and Landin, 1978). Some of these sites can be extended to other wild-
life and upland habitat uses (Hunt et al., 1978).
Another use which has not been fully explored in the Great Lakes concerns
the development of wetland habitat (U.S. Army Engineer Waterways Experiment
Station, 1978). The concern for the loss of wetland habitat in the Great
Lakes would make this an attractive alternative, particularly in an area like
Lake St. Clair.
WATERWAY DEVELOPMENT
Disposal areas will also aid in the expansion of many harbour facilities,
such as docks, slips and possibly marinas. Uses can also be extended to
breakwaters and flood control structures. As in the discussion of barrier
reefs above, care must be exercised to ensure that the integrity of these
types/of structures is maintained, not only because of the contaminants con-
fined within, but for the safety of the people and property being protected.
Dredged material has been used for navigational purposes in the St.
Lawrence River to create islands for the retention of ice outside the naviga-
tion channel.
BEACH NOURISHMENT
Clean, dredged sand is ideal for nourishing beaches which have been eroded
by wave action. Although most hopper dredges are limited to depths of 18 feet
or greater, the use of sand by-pass equipment can move the sand to the shallow
areas along the shoreline. Care must be taken to ensure that valuable fish
habitat is not impacted in such a program.
RE-USE
Uncontaminated sand can also be stockpiled for future uses in construc-
tion, industry or winter road sanding to increase traction.
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Appendix I
Membership List
DREDGING SUBCOMMITTEE
Dr. Elwin Evans (Chairman)
Water Quality Division
Michigan Department of Natural Resources
P.O. Box 30028
Lansing, Michigan 48909
Mr. Wallace A. Wilson, P.E.
Chief, Flood Plain Management Unit
Water Management Division
Michigan Department of Natural Resources
P.O. Box 30028
Lansing, Michigan 48909
Mr. Harry Beach
Environmental Protection Service
Ontario Region
Environment Canada
25 St. Clair Avenue, East
Arthur Meighen Building, 7th Floor
Toronto, Ontario M4T 1M2
Alternate - Simon Llewellyn
Dr. John T. Allin
Habitat Protection Biologist
Fisheries Branch
Ontario Ministry of Natural Resources
Whitney Block, Room 2446
99 Wellesley Street West
Toronto, Ontario M7A 1W3
Alternate - Douglas P. Dodge
Mr. Ansar Khan
Marine and Civil Resources
Department of Public Works
Ontario Region
4900 Yonge Street
Toronto, Ontario M2N 6A6
Mr. Paul Scott Hausmann
Bureau of Water Regulation and Zoning
Wisconsin Department of Natural Resources
P. O. Box 7921
Madison, Wisconsin 53707
Alternate — Roger Fritz
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Dr. James G. Seelye
U.S. Fish and Wildlife Service
Department of the Interior
Great Lakes Fishery Laboratory
1451 Green Road
Ann Arbor, Michigan 48105
Alternate - Mike Mac
Mr. Carl C. Cable
North Central Division
U.S. Army Corps of Engineers
536 South Clark Street
Chicago, Illinois 60605
Alternate - Bob Neal
Mr. Gary Martin
Assistant Chief
Division of Surveillance and Water
Quality Standards
Ohio Environmental Protection Agency
361 East Broad Street
Columbus, Ohio 43216
Alternate - John H. Albrecht
Mr. Anthony G. Kizlauskas
Great Lakes National Program Office
U.S. Environmental Protection Agency
536 South Clark Street
Chicago, Illinois 60605
Alternate - Barry DeGraff
Mr. C. P. Fisher
Canadian Coast Guard
Transport Canada
1 Yonge Street, 20th Floor
Toronto, Ontario M5E 1E5
Mr. Deo Persaud
Water Resources Branch
Ontario Ministry of the Environment
135 St. Clair Avenue West
Toronto, Ontario M4V 1P5
 DREDGING SUBCOMMITTEE
FORMER MEMBERS:
Mr. Murray G. Brooksbank
EnvironmentaT Protection Service
Ontario Region
Environment Canada
Mr. Ron B. MedTey
Marine and CiviT Resources
Department of PubTic Works
Ontario Region
Mr. W. D. WiTkins
Water Resources Branch
Ontario Ministry of the Environment
Mr. J. R. Gaiarneau
Centra1 Region
Aids & Waterways
Canadian Coast Guard
Transport Canada
Mr. Geraid J. Ky1e
Marine and Civi1 Resources
Department of PubTic Works
Ontario Region
Mr. Larry A. Larson
Bureau ofWater Regulation and Zoning
Wisconsin Department of Naturai Resources
Madison, Wisconsin
Mr. R. L. WentzeTT
Aids & Waterways
Canadian Coast Guard
Transport Canada
Toronto, Ontario
72
Chairman (February 1979-September 1980
(January 1980-September 1980)
(February 1979-September 1980)
(January 1980—September 1980)
(september 1980-August 1981)
(February 1979-Ju1y 1981)
(JuTy 1980-September 1981)
Secretariat ResponsibiTities:
Great Lakes RegionaT Office
InternationaT Joint Commission
100 OueTTette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
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Appendix 2
FINAL SUMMARY - THE DREDGED MATERIAL RESEARCH PROGRAM*
Although all research activity under the Dredged Material Research Program
(DMRP) ended on schedule in March of last year, it has taken since then to
complete publication of the more than 250 detailed technical reports and 21
synthesis documents. The complete wrap-up of the DMRP is in sight but notyet
actually achieved in that the single-volume summary report and the‘
accompanying index and retrieval system are still in publication with
distribution scheduled within the next several months.
As the first part of the final report, there is a concise narrative
sunmary aimed at the manager/executive whose activities and responsibilities
call for an overview of the significance and utility of the research results
rather than detailed findings. Because of the extent of this audience, the
sumnary from the final report is presented in this issue of the Information
Exchange Bulletin, amended with marginal key words to further assist the
reader in pinpointing areas of special interest.
*From U.S. Army Corps of Engineers. Dredged Material Research Notes, News,
Reviews, etc., Vol. D-79-2 (June 1979), 1-10
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 General
Background
The DMRP
Scope and
approach
Applicability
Technology
transfer
At the beginning of this decade, the concern over the
environmental impacts of dredging to maintain navigable
waterways and harbors and the disposal of the dredged
material reached the stage where Federal legislation was
necessary. However, it was recognized that the technical
base on which the initial legislation was based was
inadequate--existing information was limited to
site-specific studies that permitted only inferences that
the open-water disposal of polluted dredged sediments
presumably must be harmful to the environment. It was in
this context that the need for a comprehensive nationwide
research program was recognized and authorized by Congress
(Public Law 91-611).
Responding to this need for more basic information on
all types of dredged material disposal and possible
alternatives to existing methods, the Corps of Engineers
undertook the Dredged Material Research Program (DMRP) via
the Waterways Experiment Station in Vicksburg,
Mississippi. Initiated in 1973, the DMRP was accomplished
in the planned 5-year time frame at a cost of $32.8
million. Highly interdisciplinary in nature, it was a
tightly managed, basically contracted (70% of total
research funds), extensively coordinatedffort involving
more than 250 individual studies. These consisted of a
planned and phased mixture of conceptual, laboratory, and
field studies in association with actual scheduled Corps
projects designed to understand the processes and
mechanisms involved in environmental impacts. To an extent
not possible previously, this generic approach was intended
to permit the development of much-needed methods for
predicting effects before a project is carried out or a
permit issued under regulatory functions.
The DMRP was designed to be as broadly applicable as
possible on a national basis with no major type of dredging
activity or region or environmental setting excluded. It
thus resulted in methods of evaluating the physical,
chemical, and biological impacts of a variety of disposal
alternatives--in water, on land, or in wetland areas--and
produced tested, viable, cost-effective methods and
guidelines for reducing the impacts of conventional
disposal alternatives. At the same time, it demonstrated
the viability and limits of feasibility of new disposal
alternatives, including the productive use of dredged
material as a natural resource.
Before summarizing the more significant finds of the
DMRP, it is important to note that extensive efforts were
taken to ensure effective information dissemination and
technology transfer. In addition to a wide variety of
publications designed to meet the varying requirements of
different audiences, the technical staff that managed the
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DMRP repeatedly briefed Corps and non-Corps
personnel at
all
levels
throughout
the
nation
and participated
in
several interagency coordinating and planning committees.
0f greater significance were the efforts to incorporate
research results
into Corps regulations
and operating
procedures
and into the criteria and guidelines
developed
for regulatory programs.
In the latter case,
both the
Section 103 (Public Law 92-532)
and 404 (Public Law 92-500)
programs for ocean and inland water protection have
profited
from
results
of the
DMRP
and will
continue
to
do
so as efforts progress to prepare technical implementation
manuals for both programs.
To those concerned with national
or regional
planning
and policy formulation, there are two extremely important
fundamental conclusions that can be drawn from the DMRP.
The first
is that there
is no single disposal
alternative
that presumptively is suitable for a region or a group of
projects.
Correspondingly, there is no single disposal
alternative that presumptively results in impacts of such
nature that it can be categorically dismissed from
consideration. Put in different terms, there is no
inherent effect or characteristic of an alternative that
rules it out of consideration from a technical standpoint
prior
to specific on-site evaluation.
This holds true for
open-water disposal, confined upland disposal, habitat
development, or any other alternative.
Specific on-site evaluations mean that each project
must be considered on a case-by-case basis. It is not
technically sound, for example, to make the general
statements that ocean disposal must be phased out or that
all material in the Great Lakes classified as polluted must
be confined behind dikes. To do this would be contrary to
research results that have indicated that there can be
situations where there is greater probability of adverse
environmental impacts from confined disposal than from
open-water disposal. Yet, in other situations such as when
certain types of contaminants are present, confined
disposal may provide the greatest amount of environmental
protection.
Implications of this conclusion from a management
point of view are fully recognized. Case-by-case
evaluations are time consuming and expensive and may
seriously complicate advanced planning and funding
requests. Nevertheless, from a technical point of view,
situations can be envisioned where tens of millions of
dollars may have been or could be spent for alternatives
that contribute to adverse environmental effects rather
than reduce them.
The second basic conclusion is that environmental
considerations are acting more strongly than possibly any
force to necessitate long-range regional planning as a
75
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lasting, effective solution to disposal problems. No
longer can disposal alternatives be planned independently
for each dredging operation for multiple projects in a
given area. While each project may require a different
specific solution, the interrelationships must be evaluated
from a holistic perspective and thought given to when
particular disposal alternatives may have to be replaced
with others as conditions change. Regional disposal
management plans not only offer greater opportunities for
environmental protection ultimately at reduced project
cost, but also meet with greater public acceptance once
they are agreed upon.
Considering first the specific findings with regard
to the effects of open-water disposal, the physical
effects--the logical and easily predicted physical
effects--are with few exceptions more important than
chemical or biological effects. Physical effects include
the smothering of a clam bed, the disruption of a flow
pattern, a change in salinity, or a similar effect. These
possible consequences of disposal operations are
persistent, often irreversible, and compounding. However,
they are infrequent and can be avoided with the judicious
application of evaluative proceduresavailable under
guidance for the Section 404 and 103 programs. More
intense evaluations of physical impacts traditionally
have relied on physical hydraulic models, but the DMRP
developed mathematical models that can also be used for
certain needed predictions. Specifically, a partially
verified and tested math model is now available to predict
the short-term fate or dispersion of barge and hopper
dredge dumped material as well as pipeline dredged material
in ocean, estuarine, lake, and river environments. An
unverified sediment transport model for the long-term and
ultimate fate of these deposits is now available.
Contrary to much public, scientific, and governmental
opinion, the deep ocean, when analyzed in a detailed
objective fashion, is not everywhere a fragile environment
totally unacceptable for dredged material disposal. A
significant contract study concluded that, should the
economic and technological aspects be favorable, extensive
deep ocean areas are more environmentaly acceptable for
disposal than are some highly productive continental shelf
areas, especially for contaminated materials.
Turning to inland and coastal areas, the DMRP achieved
definitive results that soundly substantiate that most
widely held fears over the short-term release of
contaminants to disposal site waters are unfounded. As
long as the geochemical environment is not basically
changed, most contaminants are not released from the
sediment particles to the water. However, in contrast,
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s
st
il
l
wi
ll
no
t
be
fo
rt
hc
om
in
g.
Am
on
g
th
es
e
wi
ll
be
on
es
re
la
ti
ng
to
ch
ro
ni
c
or
sub
let
hal
eff
ect
s o
f v
ery
lon
g-t
erm
exp
osu
re
of
ben
thi
c
or
ga
ni
sm
s
to
co
nt
am
in
at
ed
ma
te
ri
al
an
d
ef
fe
ct
s
on
reproduction.
Th
us
fa
r,
me
nt
io
n
has
be
en
ma
de
pr
im
ar
il
y
of
as
se
ss
in
g
th
e
ef
fe
ct
s
of
op
en
-w
at
er
di
sp
os
al
an
d
ve
ry
li
tt
le
ab
ou
t
con
tro
lli
ng
or
mit
iga
tin
g
eff
ect
s
whe
n
the
y o
ccu
r.
Thi
s
as
pe
ct
wa
s
no
t
ov
er
lo
ok
ed
,
an
d
ev
en
wh
en
an
ef
fe
ct
wa
s
fou
nd
to
be
an
unl
ike
ly
eve
nt,
it
was
pre
sum
ed
the
re
cou
ld
be
in
st
an
ce
s
wh
er
e
co
nt
ro
l
or
re
gu
la
ti
on
wo
ul
d
be
ad
vi
sa
bl
e
for
one
rea
son
or
ano
the
r.
A g
ood
exa
mpl
e
is
tur
bid
ity
.
Ev
en
th
ou
gh
ad
ve
rs
e
bi
ol
og
ic
al
ef
fe
ct
s
ar
e
hi
gh
ly
un
li
ke
ly
,
there may be reasons why excess turbidity should be
mi
ni
mi
ze
d.
On
e
st
ud
y
ca
ll
ed
at
te
nt
io
n
to
ho
w
si
mp
le
equ
ipm
ent
mai
nte
nan
ce
and
eff
ici
ent
ope
rat
ion
can
red
uce
tu
rb
id
it
y
an
d
an
ot
he
r
ex
te
ns
iv
el
y
ev
al
ua
te
d
an
d
de
ve
lo
pe
d
gui
del
ine
s
for
usi
ng
sil
t
cur
tai
ns
or
"di
ape
rs,
"
poi
nti
ng
ou
t
wh
en
th
ey
ca
n
be
ef
fe
ct
iv
e
an
d
wh
en
th
ey
wi
ll
on
ly
ma
sk
the problem and not alleviate it. For example, silt
cu
rt
ai
ns
ar
e
in
ef
fe
ct
iv
e
wh
er
e
cu
rr
en
ts
ex
ce
ed
1
kn
ot
an
d
wi
ll
be
bo
th
in
ef
fe
ct
iv
e
and
un
co
nt
ro
ll
ab
le
un
de
r
mo
de
ra
te
wave conditions.
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Submerged
discharge
concept
Material
treatment
Oxygenation
Flocculents
Hopper dredge
overflow
Overflow
turbidity
reduction
Upland Disposal
Confined
disposal
 
Th
e
DM
RP
in
cl
ud
ed
co
ns
id
er
at
io
ns
of
dr
ed
gi
ng
eq
ui
pm
en
t
de
ve
lo
pm
en
t
in
ve
ry
fe
w
ca
se
s
as
th
is
wa
s
la
rg
el
y
be
yo
nd
it
s
sc
op
e.
Ho
we
ve
r,
be
ca
us
e
of
th
e
pe
cu
li
ar
na
tu
re
of
th
e
pr
ob
le
m
of
tu
rb
id
it
y,
a
co
nc
ep
t
wa
s
de
ve
lo
pe
d
fo
r
th
e
su
bm
er
ge
d
di
sc
ha
rg
e
of
ma
te
ri
al
fr
om
a
hy
dr
au
li
c
pi
pe
li
ne
dr
ed
ge
th
ro
ug
h
a
sp
ec
ia
ll
y
de
si
gn
ed
un
de
rw
at
er
di
ff
us
er
.
Mo
de
l
te
st
s
of
th
e
di
ff
us
er
sh
ow
ed
it
ha
s
ex
ce
ll
en
t
po
te
nt
ia
l
fo
r
re
du
ci
ng
tu
rb
id
it
y
as
wel
l
as
fo
r
re
du
ci
ng
th
e
ex
te
nt
of
th
e
po
te
nt
ia
ll
y
ha
rm
fu
l
fl
ui
d
mu
d
la
ye
r
th
at
so often develops.
On
a
re
la
te
d
su
bj
ec
t,
va
ri
ou
s
st
ud
ie
s
co
ns
id
er
ed
th
e
fe
as
ib
il
it
y
of
tr
ea
ti
ng
co
nt
am
in
at
ed
dr
ed
ge
d
ma
te
ri
al
to
red
uce
the
imp
act
of
dis
pos
al
ope
rat
ion
s.
Bec
aus
e
of
the
la
rg
e
vo
lu
me
s
an
d
va
ri
ab
le
na
tu
re
of
th
e
ma
te
ri
al
in
vo
lv
ed
an
d
th
e
ve
ry
lo
w
co
nc
en
tr
at
io
ns
of
co
nt
am
in
an
ts
,
mo
st
co
nv
en
ti
on
al
tr
ea
tm
en
t
pr
oc
es
se
s
ar
e
in
fe
as
ib
le
(s
ic
),
pa
rt
ic
ul
ar
ly
wh
en
co
ns
id
er
ed
fo
r
us
e
in
th
e
dr
ed
gi
ng
op
er
at
io
n
it
se
lf
.
So
me
pr
oc
es
se
s
ar
e
fe
as
ib
le
fo
r
co
nf
in
ed
di
sp
os
al
fa
ci
li
ti
es
an
d
ar
e
di
sc
us
se
d
la
te
r.
Ho
we
ve
r,
wi
th
re
ga
rd
to
op
en
-w
at
er
di
sp
os
al
,
on
ly
in
-l
in
e
ox
yg
en
at
io
n
to
re
du
ce
th
e
di
ss
ol
ve
d
ox
yg
en
sa
g
ac
co
mp
an
yi
ng
di
sp
os
al
of
ce
rt
ai
n
ki
nd
s
of
ma
te
ri
al
be
in
g
mo
ve
d
by
a
pi
pe
li
ne
dr
ed
ge
ap
pe
ar
s
op
er
at
io
na
ll
y
an
d
ec
on
om
ic
al
ly
pr
ac
ti
ca
l.
Th
e
us
e
of
fl
oc
cu
le
nt
s
to
re
du
ce
tu
rb
id
it
y
in
an
op
en
-w
at
er
di
sp
os
al
si
tu
at
io
n
is
no
t
ef
fe
ct
iv
e
or
pr
ac
ti
ca
l
in
mo
st
situations.
No
st
ud
ie
s
di
re
ct
ly
ad
dr
es
se
d
th
e
is
su
e
of
ho
pp
er
dr
ed
ge
ov
er
fl
ow
as
th
is
is
no
t
a
di
sp
os
al
pr
ob
le
m
pe
r
se
.
Ne
ve
rt
he
le
ss
,
pr
og
ra
m
re
su
lt
s
do
sh
ed
so
me
li
gh
t
on
th
is
ma
tt
er
si
nc
e
tu
rb
id
it
y
fr
om
ov
er
fl
ow
is
no
di
ff
er
en
t
fr
om
tha
t r
esu
lti
ng
fro
m o
the
r d
red
gin
g—r
ela
ted
cau
ses
.
In
ma
ny
,
if
no
t
mo
st
,
ca
se
s,
th
is
pr
ac
ti
ce
sh
ou
ld
re
su
lt
in
no
sig
nif
ica
nt
imp
act
;
how
eve
r,
the
re
is
an
ele
men
t
of
ris
k
in
vo
lv
ed
si
nc
e
th
e
fi
ne
-g
ra
in
ed
ma
te
ri
al
s
ov
er
fl
ow
ed
ar
e
the
one
s t
hat
con
tai
n t
he
rel
ati
vel
y h
igh
est
con
tam
ina
nt
lo
ad
s.
Th
e
ne
ga
ti
ve
pu
bl
ic
im
ag
e
of
th
is
pr
ac
ti
ce
is
wi
de
sp
re
ad
an
d
th
er
e
ca
n
be
si
tu
at
io
ns
wh
er
e
ae
st
he
ti
c
im
pa
ct
s
ar
e
mo
re
im
po
rt
an
t
th
an
bi
ol
og
ic
al
im
pa
ct
s.
A
st
ud
y
of
fo
re
ig
n
dr
ed
gi
ng
pr
ac
ti
ce
s
an
d
te
ch
no
lo
gy
sh
ow
ed
th
at
th
er
e
is
a
si
mp
le
an
d
in
ex
pe
ns
iv
e
te
ch
ni
qu
e
de
ve
lo
pe
d
in
Jap
an
tha
t
sho
ws
pro
mis
e
for
sig
nif
ica
ntl
y
red
uci
ng
the
am
ou
nt
of
su
rf
ac
e
tu
rb
id
it
y
as
so
ci
at
ed
wi
th
ho
pp
er
dr
ed
ge
overflow.
Co
nf
in
ed
or
di
ke
d
co
nt
ai
nm
en
t
of
dr
ed
ge
d
ma
te
ri
al
as
a
co
nv
en
ti
on
al
al
te
rn
at
iv
e
wa
s
al
so
ex
te
ns
iv
el
y
in
ve
st
ig
at
ed
.
Co
nf
in
in
g
co
nt
am
in
at
ed
ma
te
ri
al
on
la
nd
or
in
sh
al
lo
w
wa
te
r
ne
xt
to
la
nd
ca
n
be
an
en
vi
ro
nm
en
ta
ll
y
so
un
d
an
d
pr
ef
er
re
d
al
te
rn
at
iv
e,
bu
t
no
t
in
he
re
nt
ly
be
tt
er
th
an
op
en
-w
at
er
di
sp
os
al
fo
r
se
ve
ra
l
re
as
on
s.
Th
er
e
ar
e
79
Containment
area problems
Containment
area
objectives
Construction
and operation
guidance
Material
retention
Effluent
treatment
technical reasons why confined disposal could be less
effective in protecting water quality or organisms. These
include the change in the geochemical environment that
could lead to an enhanced release of contaminants and the
difficulty in retaining the finer grained particles in
environmental settings where they are likely to have
greater impact when released (e.g., wetlands or small
streams). Also, it should not be overlooked that confined
facilities are expensive, of finite life, and result in a
permanent change in the physical landscape, often in
conflict with land-use and management plans.
Irrespective of the alternative decision, if a
confined disposal area is to be constructed, it must be
designed, built, and operated in such a way as to achieve
maximum effective capacity and satisfactory effluent
quality. Unfortunately, historically, neither of these
basic objectives has been met by most of the facilities
that have been built. These objectives are by no means
mutually incompatible and the reasons they have not been
met involve lack of technical knowledge as well as policy
and institutional factors such as cost, funding sources,
and diffused construction and management responsibilities.
The DMRP developed and issued in report and manual
form a variety of guidance and information that should
largely alleviate the technical knowledge limitation. No
longer is it necessary to rely primarily on "rules of
thumb" and personal experience. Specific guidelines were
prepared for designing containment areas with appropriate
storage capacities, surface areas, and shapes; designing
and building dikes; designing and placing inflow pipes and
wei
rs;
sel
ect
ing
equ
ipm
ent
for
ope
rat
ing
in
dis
pos
al
are
as;
landscaping containment areas; and controlling problems
such as mosquito breeding and noxious odors.
If a confined disposal site is to be effective from an
env
iro
nme
nta
l p
rot
ect
ion
sta
ndp
oin
t,
it
mus
t b
e e
ffi
cie
nt
in retaining a high percentage of the finer soil particles,
for
it
is
the
cla
ys
and
sil
ts
tha
t c
arr
y t
he
con
tam
ina
nts
.
These are admittedly the materials most difficult to retain
in an area, but if they can be, the effluents should be
essentially nontoxic except for occasional situations where
nutrient levels and oxygen depletion may be excessive.
The guidance mentioned above contains specific
information on how disposal site retention times can be
maximized; however, there are cases where sites are simply
incapable of providing adequate retention. Addressing
these situations, studies found that coagulants and
flocculents can be quite effective for effluent treatment,
and treatment system design and operation guidelines were
80
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 Potential
leachate
effects
Reducing land
requirements
Disposal site
dewatering
Trenching
Dredged
material
reuse
de
ve
lo
pe
d
ba
se
d
on
ac
tu
al
fi
el
d
te
st
s.
St
ud
ie
s
al
so
co
ns
id
er
ed
th
e
pr
in
ci
pl
es
in
vo
lv
ed
in
th
e
lan
d
tr
ea
tm
en
t
of
wa
st
ew
at
er
and
co
nc
lu
de
d
fr
om
a
li
mi
te
d
fi
el
d
te
st
th
at
th
e
reg
ula
ted
dis
cha
rge
of
dis
pos
al
are
a
eff
lue
nts
thr
oug
h
a
na
tu
ra
l
ma
rs
h
ca
n
be
ef
fe
ct
iv
e
in
re
mo
vi
ng
nu
tr
ie
nt
s.
Wit
h
tim
e,
the
soi
l
phy
sic
och
emi
cal
env
iro
nme
nt
in
a
co
nf
in
ed
di
sp
os
al
si
te
ca
n
be
co
me
ap
pr
ec
ia
bl
y
di
ff
er
en
t
fr
om
th
at
of
se
di
me
nt
s
be
fo
re
dr
ed
gi
ng
or
se
di
me
nt
s
de
po
si
te
d
in
op
en
wa
te
r.
Th
e
up
la
nd
dr
ai
ne
d
si
tu
at
io
n
ca
n
le
ad
to
an
oxi
diz
ing
aci
dic
env
iro
nme
nt
tha
t
was
sho
wn
in
lab
ora
tor
y
st
ud
ie
s
to
be
co
nd
uc
iv
e
to
th
e
le
ac
hi
ng
of
co
nt
am
in
an
ts
,
pa
rt
ic
ul
ar
ly
he
av
y
me
ta
ls
.
Wh
et
he
r
or
no
t
th
e
le
ac
ha
te
wi
ll
co
nt
am
in
at
e
gr
ou
nd
wa
te
r
wi
ll
de
pe
nd
on
th
e
ab
so
rp
ti
ve
ca
pa
ci
ty
of
th
e
na
tu
ra
l
soi
l,
wh
ic
h
is
no
rm
al
ly
qu
it
e
hi
gh
.
A
fa
r
mo
re
se
ri
ou
s
an
d
mo
re
pr
ob
ab
le
im
pa
ct
ca
n
oc
cu
r
wh
en
sa
li
ne
se
di
me
nt
s
ar
e
pl
ac
ed
in
a
fr
es
hw
at
er
up
la
nd
en
vi
ro
nm
en
t.
Sa
lt
wi
ll
le
ac
h
fr
om
mo
st
dr
ed
ge
d
ma
te
ri
al
an
d
wh
et
he
r
or
no
t
it
wil
l
co
nt
am
in
at
e
gr
ou
nd
wa
te
r
mu
st
be
ca
re
fu
ll
y
ev
al
ua
te
d
on
a
ca
se
-b
y-
ca
se
ba
si
s.
In
te
rm
s
of
ti
me
,
ef
fo
rt
,
an
d
co
st
,
th
e
mo
st
ex
pe
ns
iv
e
as
pe
ct
of
co
nf
in
ed
dr
ed
ge
d
ma
te
ri
al
di
sp
os
al
ca
n
be
th
e
la
nd
ac
qu
is
it
io
n.
Th
e
DM
RP
in
cl
ud
ed
st
ud
ie
s
ai
me
d
at
al
le
vi
at
in
g
or
le
ss
en
in
g
th
is
pr
ob
le
m.
Th
es
e
de
al
t
wi
th
me
th
od
s
to
in
cr
ea
se
th
e
st
or
ag
e
ca
pa
ci
ty
of
ex
is
ti
ng
si
te
s
an
d/
or
co
nc
ep
ts
fo
r
ma
ki
ng
ex
is
ti
ng
si
te
s
re
us
ab
le
.
Fi
el
d
te
st
s
pr
ov
ed
th
at
it
is
po
ss
ib
le
to
de
wa
te
r
ev
en
so
me
of
th
e
mo
re
di
ff
ic
ul
t
ty
pe
s
of
dr
ed
ge
d
ma
te
ri
al
so
tha
t
dis
pos
al
sit
es
can
sto
re
mor
e
sed
ime
nt
and
les
s
wa
te
r.
A
si
de
be
ne
fi
t
of
th
is
de
wa
te
ri
ng
is
im
pr
ov
ed
engineering characteristics of the densified material.
Th
ro
ug
h
fi
el
d
in
ve
st
ig
at
io
ns
an
d
te
st
s,
su
rf
ac
e
tr
en
ch
in
g
with an available surplus Marine Corps vehicle called the
Ri
ve
ri
ne
Ut
il
it
y
Cr
af
t
pr
ov
ed
to
be
ch
ea
p
an
d
ef
fe
ct
iv
e
in
pro
vid
ing
nat
ura
l d
rai
nag
e.
Whe
rea
s m
ore
com
ple
x a
nd
eve
n
ex
ot
ic
de
wa
te
ri
ng
me
th
od
s
su
ch
as
un
de
rd
ra
in
ag
e
sy
st
em
s
an
d
el
ec
tr
o-
os
mo
ti
c
de
wa
te
ri
ng
ma
y
be
fe
as
ib
le
wh
er
e
th
e
co
st
ca
n
be
ju
st
if
ie
d,
he
re
is
a
ca
se
wh
er
e
th
e
ch
ea
pe
r
technique, relying heavily on nature, was shown to be
ge
ne
ra
ll
y
th
e
mo
st
ef
fe
ct
iv
e.
Dr
ed
ge
d
ma
te
ri
al
,
pa
rt
ic
ul
ar
ly
de
wa
te
re
d
dr
ed
ge
d
ma
te
ri
al
,
ha
s
va
lu
e
fo
r
la
nd
fi
ll
in
g
or
in
co
ns
tr
uc
ti
on
.
Ev
er
y
cu
bi
c
ya
rd
th
at
ca
n
be
re
mo
ve
d
fr
om
a
co
nt
ai
nm
en
t
ar
ea
an
d
us
ed
,
do
na
te
d,
or
so
ld
of
fs
it
e
fo
r
an
y
pu
rp
os
e
is
a
cu
bi
c
ya
rd
of
ne
w
st
or
ag
e
ca
pa
ci
ty
ga
in
ed
.
In
co
nj
un
ct
io
n
wi
th
th
e
Co
rp
s
Di
st
ri
ct
s,
co
nc
ep
ts
we
re
de
ve
lo
pe
d
fo
r
di
sp
os
al
ar
ea
re
us
e
fo
r
bo
th
ex
is
ti
ng
and
pl
an
ne
d
di
sp
os
al
si
te
s.
Nu
me
ro
us
po
ss
ib
il
it
ie
s
ex
is
t
fo
r
 
sep
ara
tin
g a
nd
han
dli
ng
mat
eri
als
in
a s
ite
, a
nd
act
ual
field situations have demonstrated that uses within the
site for purposes such as haul road construction and dike
raising are too often overlooked as completely viable
concepts.
Habitat Development
Creating
wildlife
habitats
Wetland plant
productivity
Plant recovery
from
burial
Contaminant
uptake
Predictive
tests for
uptake
Dredged material is also a substance that can be used
to create or improve wildlife habitats--examples of this
already exist in nearly all parts of the country. However,
it is known that the past occurrences were primarily
accidental rather than planned. Realizing that even the
most productive habitats sometimes can be out of place
within an ecosystem, the DMRP concentrated on understanding
the natural processes and developing guidelines on exactly
what should be done, where and when, and what are the
relevant considerations in all phases from site selection
to follow-up management.
Certain basic studies were concerned with wetland
plant productivity from two points of view. Knowing the
relative productivity of a species is one factor in
selecting those suitable for planting at a habitat
development project. It is also one factor in the
extremely difficult problem of determining the value of a
wetland being evaluated as a disposal site. Studies
showed, for example, that the productivity of several
so-called minor species is greater than anticipated and the
ability of at least one species to recover from burial
beneath dredged material up to 9 inches thick is greater
than expected. This information will be helpful in
selecting areas and methods of disposal should a wetland
area have to be used for disposal.
Considerable attention was given to the uptake of
chemical contaminants by marsh plants as an obvious concern
in decisions on developing marsh habitat using dredged
material. Uptake was found to occur in different ways and
at different rates in most plant species, but the amounts
of contaminants involved were not so large as to cause
major concern. The question of how much uptake is too much
was not resolved and is not likely to be anytime soon;
however, evaluations of uptake should be made with an
awareness of the natural functioning of a wetland system as
a contaminant processor. The end product sought by the
research was a test that can be used to predict the pattern
of uptake from a particular type of material. To this end,
it was largely, but not entirely, successful since certain
contaminants have proven difficult to predict as far as
behavior is concerned.
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3 alternative
1
i
l
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difficulties
 
Site selection
Development
9 possibilities
Upland
habitat
development
Ma
rs
h
cr
ea
ti
on
us
in
g
dr
ed
ge
d
ma
te
ri
al
is
no
w
a
pr
ov
en
,
vi
ab
le
al
te
rn
at
iv
e
th
at
ca
n
be
de
si
gn
ed
an
d
im
pl
em
en
te
d
as
re
li
ab
ly
as
an
y
ot
he
r
al
te
rn
at
iv
e.
Al
so
,
ce
rt
ai
n
mi
sc
on
ce
pt
io
ns
ab
ou
t
th
is
al
te
rn
at
iv
e
we
re
fi
rm
ly
di
sp
el
le
d.
In
pa
rt
ic
ul
ar
,
it
ca
n
be
ea
si
ly
de
mo
ns
tr
at
ed
th
at
ma
rs
h
de
ve
lo
pm
en
t
do
es
no
t
ne
ce
ss
ar
il
y
ev
en
tu
al
ly
pr
ec
lu
de
th
e
di
sp
os
al
of
ma
te
ri
al
fr
om
su
bs
eq
ue
nt
ma
in
te
na
nc
e
dr
ed
gi
ng
pr
oj
ec
ts
.
Th
er
e
are
ex
am
pl
es
wh
er
e
ph
as
ed
ma
rs
h
de
ve
lo
pm
en
t,
wi
th
or
wi
th
ou
t
ot
he
r
di
sp
os
al
al
te
rn
at
iv
es
,
has
be
en
pl
an
ne
d
in
su
ch
a
wa
y
as
to
ac
co
mm
od
at
e
ma
in
te
na
nc
e
dr
ed
gi
ng
fo
r
pe
ri
od
s
of
50
ye
ar
s
or
more.
Wh
il
e
ma
rs
h
de
ve
lo
pm
en
t
is
a
fi
el
d—
te
st
ed
an
d
pr
ov
en
al
te
rn
at
iv
e,
it
is
no
t
a
si
mp
le
on
e
an
d
it
is
no
t
ch
ea
p.
Ho
we
ve
r,
co
st
wi
se
,
it
is
de
fi
ni
te
ly
co
mp
et
it
iv
e
wi
th
ot
he
r
al
te
rn
at
iv
es
an
d
ch
ea
pe
r
th
an
so
me
.
Ma
rs
h
de
ve
lo
pm
en
t
is
no
t
un
us
ua
ll
y
di
ff
ic
ul
t
fr
om
an
en
gi
ne
er
in
g
po
in
t
of
vi
ew
,
bu
t
it
is
di
ff
ic
ul
t
op
er
at
io
na
ll
y
in
re
la
ti
ve
ra
th
er
th
an
ab
so
lu
te
te
rm
s.
By
th
is
,
it
is
me
an
t
th
at
no
ne
w
eq
ui
pm
en
t
or
te
ch
no
lo
gy
is
ne
ed
ed
,
bu
t
ra
th
er
dr
ed
ge
rs
ar
e
re
qu
ir
ed
to
pe
rf
or
m
un
fa
mi
li
ar
op
er
at
io
ns
ac
co
rd
in
g
to
un
us
ua
l
ti
me
an
d
ac
cu
ra
cy
sp
ec
if
ic
at
io
ns
.
Th
e
op
er
at
io
ns
ca
n
be
do
ne
,
bu
t
th
ey
wi
ll
re
qu
ir
e
cl
os
e
co
or
di
na
ti
on
an
d
co
op
er
at
io
n.
As
in
di
ca
te
d
ea
rl
ie
r,
ma
rs
h
de
ve
lo
pm
en
t
is
no
t
a
sa
ti
sf
ac
to
ry
al
te
rn
at
iv
e
fo
r
al
l
lo
ca
ti
on
s,
bu
t
th
er
e
is
no
ma
jo
r
ge
og
ra
ph
ic
re
gi
on
wh
er
e
it
is
no
t
de
si
ra
bl
e
an
d
po
ss
ib
le
so
me
wh
er
e.
Ma
rs
he
s
ca
n
be
de
ve
lo
pe
d
in
th
e
Gr
ea
t
La
ke
s
ar
ea
an
d
al
on
g
in
la
nd
ri
ve
r
sy
st
em
s
as
we
ll
as
in
al
l
co
as
ta
l
ar
ea
s.
Th
e
on
ly
kn
ow
n
en
vi
ro
nm
en
ta
l
co
nd
it
io
ns
in
wh
ic
h
it
is
pr
ob
ab
ly
no
t
pr
ac
ti
ca
l
ar
e
on
es
wi
th
hi
gh
ti
da
l
ran
ges
and
str
ong
wav
es
and
/or
cur
ren
ts.
Oth
erw
ise
,
de
pe
nd
in
g
on
lo
ca
l
co
nd
it
io
ns
,
ma
rs
he
s
ca
n
be
de
ve
lo
pe
d
in
a
va
ri
et
y
of
sh
ap
es
an
d
si
ze
s,
wi
th
di
ff
er
en
t
pl
ac
em
en
t
me
th
od
s,
wi
th
di
ff
er
en
t
ty
pe
s
of
dr
ed
ge
d
ma
te
ri
al
,
wi
th
dif
fer
ent
pla
nt
spe
cie
s a
nd
pla
nti
ng
tec
hni
que
s,
and
wit
h
or
wi
th
ou
t
re
ta
in
in
g
di
ke
s.
Sp
ec
if
ic
gu
id
an
ce
wa
s
pr
ep
ar
ed
for
eac
h
of
the
se
con
sid
era
tio
ns
and
is
sup
ple
men
ted
by
de
ci
si
on
me
th
od
ol
og
ie
s
us
ef
ul
in
se
le
ct
in
g
si
te
s
an
d
particular habitat development goals.
In
so
me
re
sp
ec
ts
,
th
e
de
ve
lo
pm
en
t
of
up
la
nd
ha
bi
ta
t,
ei
th
er
on
ne
w
di
sp
os
al
si
te
s
or
by
re
cl
ai
mi
ng
ol
d
si
te
s,
is
a
te
ch
no
lo
gy
mo
re
ad
va
nc
ed
an
d
mo
re
te
st
ed
th
an
ma
rs
h
ha
bi
ta
t
de
ve
lo
pm
en
t.
Up
la
nd
ha
bi
ta
t
in
cl
ud
es
su
ch
si
tu
at
io
ns
as
fo
od
an
d
co
ve
r
fo
r
ma
mm
al
s
an
d
ne
st
in
g,
re
st
in
g,
or
fe
ed
in
g
ar
ea
s
fo
r
wa
te
rf
ow
l.
Mo
st
of
th
es
e
re
qu
ir
e
on
ly
th
e
ap
pl
ic
at
io
n
of
ex
is
ti
ng
ag
ro
no
mi
c
an
d
wi
ld
li
fe
ma
na
ge
me
nt
pr
ac
ti
ce
s.
Bu
t
av
ai
la
bi
li
ty
is
us
el
es
s
wi
th
ou
t
aw
ar
en
es
s,
so
th
is
in
fo
rm
at
io
n
wa
s
co
mp
il
ed
an
d
83
Island
habitats
Island design
and
management
Opinions on
island
need
Aquatic habitat
development
sy
nt
he
si
ze
d
fo
r
wi
de
sp
re
ad
di
st
ri
bu
ti
on
.
Up
la
nd
ha
bi
ta
t
de
ve
lo
pm
en
t
ca
n
be
re
la
ti
ve
ly
in
ex
pe
ns
iv
e
an
d
is
no
t
di
ff
ic
ul
t,
an
d
th
er
e
ar
e
hu
nd
re
ds
of
di
sp
os
al
si
te
s
th
at
co
ul
d
be
im
pr
ov
ed
en
vi
ro
nm
en
ta
ll
y
an
d
me
et
wi
th
gr
ea
te
r
pu
bl
ic
ac
ce
pt
an
ce
if
im
pr
ov
ed
in
th
is
wa
y.
Sm
al
l
is
la
nd
s
cr
ea
te
d
by
dr
ed
ge
d
ma
te
ri
al
di
sp
os
al
in
in
la
nd
wa
te
rw
ay
s
an
d
co
as
ta
l
ba
ys
an
d
es
tu
ar
ie
s
ar
e
a
sp
ec
ia
l
ty
pe
of
up
la
nd
ha
bi
ta
t
de
ve
lo
pm
en
t.
Se
ve
ra
l
re
gi
on
al
su
rv
ey
s
sh
ow
ed
th
at
ma
ny
of
th
e
mo
re
th
an
20
00
of
th
es
e
is
la
nd
s
ha
ve
be
co
me
ex
tr
em
el
y
va
lu
ab
le
wi
ld
li
fe
ha
bi
ta
t.
In
fa
ct
,
ma
in
te
na
nc
e
of
th
e
U.
S.
po
pu
la
ti
on
of
se
ve
ra
l
co
lo
ni
al
ne
st
in
g
bi
rd
s
su
ch
as
se
a
gu
ll
s,
te
rn
s,
an
d
he
ro
ns
is
de
pe
nd
en
t
up
on
is
la
nd
s
of
th
is
ty
pe
.
Th
us
,
is
la
nd
de
ve
lo
pm
en
t
ob
vi
ou
sl
y
ca
n
be
an
en
vi
ro
nm
en
ta
ll
y
be
ne
fi
ci
al
di
sp
os
al
al
te
rn
at
iv
e
an
d
on
e
th
at
ha
s
la
rg
e
pu
bl
ic
ac
ce
pt
an
ce
.
Th
e
DM
RP
pr
ov
id
ed
gu
id
an
ce
on
ho
w
is
la
nd
s
ca
n
be
de
si
gn
ed
an
d
ma
na
ge
d
to
be
of
gr
ea
te
st
va
lu
e
to
ce
rt
ai
n
ta
rg
et
sp
ec
ie
s
an
d
ho
w
th
e n
at
ur
al
ev
ol
ut
io
n
of
th
e
is
la
nd
s
ca
n
be
co
nt
ro
ll
ed
fo
r
ma
xi
mu
m
wi
ld
li
fe
be
ne
fi
t.
Ho
we
ve
r,
th
er
e
ar
e
pr
ob
le
ms
,
bo
th
re
al
an
d
im
ag
in
ed
.
In
th
e
fo
rm
er
ca
te
go
ry
ar
e
th
e
co
nf
li
ct
in
g
co
nc
er
ns
an
d
ne
ed
s
of
th
e
wi
ld
li
fe
in
te
re
st
s
an
d
th
e
fi
sh
er
ie
s
in
te
re
st
s
wh
o
of
te
n
ha
ve
op
po
si
ng
vi
ew
s
on
th
e
ne
ed
fo
r
is
la
nd
s
ve
rs
us
op
en
wa
te
r.
Th
is
ty
pe
of
pr
ob
le
m
ca
n
on
ly
be
re
so
lv
ed
on
a
ca
se
-b
y-
ca
se
ba
si
s.
In
th
e
la
tt
er
ca
te
go
ry
is
th
e
wi
de
sp
re
ad
be
li
ef
th
at
on
ce
an
is
la
nd
is
cr
ea
te
d
an
d
in
ha
bi
te
d
by
de
si
ra
bl
e
wi
ld
li
fe
,
it
can
nev
er
aga
in
be
use
d
as
a d
isp
osa
l
sit
e.
Thi
s
is
not
tr
ue!
In
fa
ct
,
st
ud
ie
s
sh
ow
ed
th
at
un
le
ss
na
tu
ra
l
veg
eta
tio
nal
suc
ces
sio
nal
pat
ter
ns
are
occ
asi
ona
lly
in
te
rr
up
te
d,
th
e
is
la
nd
s
wi
ll
lo
se
th
ei
r
wi
ld
li
fe
va
lu
e.
The
mos
t p
rac
tic
al
way
of
pro
vid
ing
the
nee
ded
int
err
upt
ion
is
by
de
po
si
ti
ng
a
ne
w
la
ye
r
of
ma
te
ri
al
.
Sp
ec
if
ic
gui
dan
ce
inc
lud
es
man
age
men
t t
ech
niq
ues
on
how
con
tin
ued
di
sp
os
al
ca
n
be
ph
as
ed
wi
th
op
ti
mu
m
wi
ld
li
fe
us
e.
On
ce
again, the key is a sound management plan.
Wh
il
e
re
se
ar
ch
fo
cu
se
d
pr
im
ar
il
y
on
we
tl
an
d
an
d
up
la
nd
habitats, aquatic or submerged habitats were also
in
cl
ud
ed
.
A
li
te
ra
tu
re
re
vi
ew
an
d
a
sm
al
l
fi
el
d
te
st
we
re
ac
co
mp
li
sh
ed
,
but
th
es
e
co
nc
lu
de
d
on
ly
th
at
it
is
a
pr
om
is
in
g
bu
t
un
pr
ov
en
di
sp
os
al
al
te
rn
at
iv
e.
It
wa
s
dem
ons
tra
ted
tha
t s
eag
ras
ses
can
be
tra
nsp
lan
ted
to
a
di
sp
os
al
si
te
;
ho
we
ve
r,
mu
ch
ad
di
ti
on
al
in
fo
rm
at
io
n
wi
ll
be
needed before the basic requirements for establishing a
su
cc
es
sf
ul
se
ag
ra
ss
me
ad
ow
ar
e
re
co
gn
iz
ed
an
d
un
de
rs
to
od
.
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Th
e
fo
ur
th
ma
jo
r
pa
rt
of
th
e
DM
RP
wa
s
th
e
de
ve
lo
pm
en
t
an
d
te
st
in
g
of
co
nc
ep
ts
fo
r
no
nw
il
dl
if
e—
or
ie
nt
ed
be
ne
fi
ci
al
or
pro
duc
tiv
e
use
s
of
eit
her
dre
dge
d m
ate
ria
l
its
elf
or
di
sp
os
al
si
te
s.
Pe
rh
ap
s
mo
re
th
an
in
an
y
ot
he
r
alt
ern
ati
ve,
suc
ces
sfu
l
use
of
the
mat
eri
al
or
the
sit
es
as
a
na
tu
ra
l
re
so
ur
ce
re
qu
ir
es
a
(si
c)
fa
vo
ra
bl
e
an
d
of
te
n
for
tui
tou
s
cir
cum
sta
nce
s,
but
the
se
do
occ
ur.
Non
tec
hni
cal
fa
ct
or
s
ou
tw
ei
gh
te
ch
ni
ca
l
on
es
mo
re
as
a
ru
le
th
an
as
an
ex
ce
pt
io
n
and
re
qu
ir
em
en
ts
fo
r
co
or
di
na
ti
on
and
co
op
er
at
io
n
in
la
nd
éu
se
pl
an
ni
ng
ar
e
ex
tr
ao
rd
in
ar
y.
Si
nc
e
ma
ny
of
th
e
con
cep
ts
are
new
and
unu
sua
l,
the
re
is
als
o
the
req
uir
eme
nt
fo
r
th
e
Co
rp
s
or
so
me
ot
he
r
gr
ou
p
to
ta
ke
th
e
in
it
ia
ti
ve
in
pr
om
ot
in
g
th
e
id
ea
s
and
ge
tt
in
g
pe
op
le
to
th
in
k
ab
ou
t
th
em
.
In
de
ed
th
e
DM
RP
wa
s
a
po
si
ti
ve
fa
ct
or
it
se
lf
in
ad
ve
rt
is
in
g
co
nc
ep
ts
and
mo
de
ra
ti
ng
ap
pr
eh
en
si
on
by
po
in
ti
ng
out
wh
er
e
ot
he
rs
ha
ve
ap
pl
ie
d
th
e
co
nc
ep
ts
successfully.
Ma
ny
pr
od
uc
ts
su
ch
as
ag
gr
eg
at
e
an
d
br
ic
ks
ha
ve
be
en
ma
de
us
in
g
dr
ed
ge
d
ma
te
ri
al
,
so
me
ti
me
s
su
cc
es
sf
ul
ly
,
an
d
th
e
po
te
nt
ia
l
fo
r
ne
w
co
nc
ep
ts
is
li
mi
te
d
on
ly
by
th
e
br
ea
dt
h
of
on
e'
s
im
ag
in
at
io
n.
Ho
we
ve
r,
su
cc
es
s
wi
ll
be
di
ff
ic
ul
t
in
vi
ew
of
th
e
qu
al
it
y
and
un
de
pe
nd
ab
il
it
y
of
th
e
su
pp
ly
of
th
e
ra
w
ma
te
ri
al
,
th
e
re
qu
ir
em
en
ts
fo
r
ca
pi
ta
l
in
ve
st
me
nt
,
and
es
pe
ci
al
ly
th
e
ne
ed
fo
r
fa
vo
ra
bl
e
ma
rk
et
co
nd
it
io
ns
.
Th
e
on
ly
co
nc
ep
t
wi
th
ap
pa
re
nt
po
te
nt
ia
l
fo
r
at
le
as
t
re
gi
on
al
ap
pl
ic
at
io
n
th
at
wa
s
fi
el
d-
te
st
ed
as
pa
rt
of
th
e
DM
RP
wa
s
th
e
us
e
of
co
nv
en
ti
on
al
di
sp
os
al
si
te
s
fo
r
th
e
ma
ri
cu
lt
ur
e
of
sh
ri
mp
.
Th
is
wa
s
pr
ov
en
te
ch
ni
ca
ll
y
fe
as
ib
le
an
d
ha
s
ca
ug
ht
th
e
at
te
nt
io
n
of
so
me
pr
iv
at
e
ent
rep
ren
eur
s w
ho
fee
l t
he
pot
ent
ial
mar
ket
out
wei
ghs
the
ri
sk
.
In
th
is
an
d
si
mi
la
r
co
nc
ep
ts
,
th
e
ad
va
nt
ag
e
is
th
at
a landowner is more likely to favorably consider the use of
hi
s
la
nd
as
a
di
sp
os
al
si
te
if
he
ca
n
de
ri
ve
so
me
be
ne
fi
t
fro
m i
t r
ath
er
tha
n r
ele
gat
e i
t s
ole
ly
to
a f
orm
of
was
te
di
sp
os
al
.
In
ma
ri
cu
lt
ur
e,
th
e
di
sp
os
al
si
te
fo
rm
s
th
e
req
uir
ed
imp
oun
dme
nt
and
the
org
ani
c—r
ich
dre
dge
d m
ate
ria
l
is
a
pe
ri
od
ic
al
ly
re
ne
we
d
so
ur
ce
of
fo
od
fo
r
th
e
or
ga
ni
sm
s.
Op
po
rt
un
it
ie
s
fo
r
th
e
pr
od
uc
ti
ve
use
of
dr
ed
ge
d
ma
te
ri
al
in
cr
ea
se
ap
pr
ec
ia
bl
y
as
on
e
mo
ve
s
in
la
nd
fr
om
nav
iga
ble
wat
erw
ays
.
As
a c
ons
equ
enc
e,
a s
tud
y c
ons
ide
red
mu
lt
ip
le
as
pe
ct
s
of
mo
de
s
of
lo
ng
-d
is
ta
nc
e
tr
an
sp
or
t
of
dredged material and produced a method to use in
de
te
rm
in
in
g
th
e
fe
as
ib
il
it
y
an
d
co
st
of
va
ri
ou
s
tr
an
sp
or
t
sys
tem
s f
or
ind
ivi
dua
l
pro
jec
ts.
If
dre
dge
d m
ate
ria
l c
an
be
mo
ve
d
ec
on
om
ic
al
ly
ov
er
di
st
an
ce
s
of
te
ns
of
mi
le
s,
so
me
of
th
e
di
sp
os
al
op
po
rt
un
it
ie
s
th
at
em
er
ge
in
cl
ud
e
im
pr
ov
em
en
t
of
ag
ri
cu
lt
ur
al
so
il
s,
us
e
of
dr
ed
ge
d
ma
te
ri
al
85
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in
so
li
d
wa
st
e
ma
na
ge
me
nt
,
th
e
fi
ll
in
g
of
ab
an
do
ne
d
pi
ts
and
qua
rri
es,
and
str
ip
min
e r
ecl
ama
tio
n.
Rep
ort
s w
ere
pre
par
ed
on
mul
tip
le
asp
ect
s
of
eac
h
of
the
se
pos
sib
ili
tie
s,
doc
ume
nti
ng
req
uir
eme
nts
and
dis
cus
sin
g c
ase
his
tor
ies
as
wel
l
as
set
tin
g f
ort
h s
pec
ifi
c c
onc
ept
opt
ion
s.
As
wou
ld
be
exp
ect
ed,
con
cer
ns
ove
r t
he
eff
ect
s o
f
usi
ng
che
mic
all
y
con
tam
ina
ted
mat
eri
als
dom
ina
te
the
lis
t
of
rel
eva
nt
con
sid
era
tio
ns;
how
eve
r,
so
far
the
se
hav
e n
ot
pro
ven
to
be
lim
iti
ng.
One
sho
uld
nev
er
los
e s
igh
t o
f t
he
fac
t t
hat
muc
h d
red
ged
mat
eri
al
is
not
con
tam
ina
ted
, n
or
should one overlook the real dangers of placing saline
dredged material in freshwater areas.
Considering productive uses of dredged material, the
obvious value of the land created when a disposal site
rea
che
s c
apa
cit
y w
as
not
ove
rlo
oke
d.
Mos
t d
isp
osa
l
sit
es
filled with fine-grained materials from maintenance
dre
dgi
ng
are
not
sui
tab
le
for
ind
ust
ria
l
or
com
mer
ici
al
dev
elo
pme
nt
fro
m a
fou
nda
tio
n
eng
ine
eri
ng
poi
nt
of
vie
w,
but they can be ideally suited for recreational
development. While it is not the present policy of the
Cor
ps
to
exp
and
its
rol
e i
n r
ecr
eat
ion
to
inc
lud
e
navigation projects, there is a need for recreational
fac
ili
tie
s
in
thi
s c
ont
ext
and
man
y n
on-
Fed
era
l g
rou
ps
are
int
ere
ste
d.
One
stu
dy
poi
nte
d o
ut
the
iss
ues
rel
ate
d t
o
suc
h
use
of
dis
pos
al
sit
es,
inc
lud
ing
fun
din
g
ava
ila
bil
ity
,
mai
nte
nan
ce
res
pon
sib
ili
ty,
and
gua
ran
tee
s o
f p
ubl
ic
land
use
.
Ano
the
r a
nal
yze
d c
ase
his
tor
ies
in
an
att
emp
t t
o f
ind
out why certain productive land uses have succeeded and
oth
ers
hav
e f
ail
ed.
The
se
inc
lud
e b
ut
are
not
lim
ite
d t
o
recreational uses. Other studies evaluated laws and
reg
ula
tio
ns
at
all
lev
els
imp
act
ing
on
lan
d
use
s
and
determined the land values and associated benefits created
by
di
sp
os
al
si
te
s.
Th
e
en
d
pr
od
uc
ts
ar
e
gu
id
el
in
es
on
ho
w
the Corps or other groups can achieve or promote the
pro
duc
tiv
e
sub
seq
uen
t
use
s
of
dis
pos
al
sit
es
bot
h
for
the
inherent benefit of doing so and the probability of being
able to acquire new sites more easily.
In summary, the DMRP contributed considerable new
inf
orm
ati
on
tha
t i
s b
ein
g a
nd
can
be
use
d i
n a
ll
asp
ect
s o
f
dredging project design and implementation, including
pro
jec
t
pla
nni
ng,
eng
ine
eri
ng
des
ign
,
env
iro
nme
nta
l
imp
act
assessment, project scheduling and operations, and permit
eva
lua
tio
n.
In
oth
er
ins
tan
ces
it
onl
y
aff
irm
ed
wha
t
had
been previousy held by many, but it has done so in such a
way
as
to
red
uce
rem
ain
ing
dou
bt
and
enh
anc
e m
ore
widespread acceptance. In both cases, the result has been
gre
atl
y i
ncr
eas
ed
opp
ort
uni
ty
for
eco
nom
ica
lly
nec
ess
ary
waterways and harbors maintenance and development to
pr
oc
ee
d
in
ha
rm
on
y
wi
th
ap
pr
op
ri
at
e
le
ve
ls
of
en
vi
ro
nm
en
ta
l
protection and even enhancement in some cases.
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 Appendix 3
ONTARIO MOE AND U.S. EPA REGION V DREDGED SEDIMENT GUIDELINES
A. ONTARIO MINISTRY OF THE ENVIRONMENT
EVALUATING THE IMPACT OF MARINE CONSTRUCTION ACTIVITIES
0N WATER RESOURCES (1976)
MARINE CONSTRUCTION GUIDELINES
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Dredging
Each proposaT to dredge wiTT be reviewed for its water quaTity
impTications with consideration being given to the foTTowing factors:
PhysicaT, chemicaT and bioTogicaT quaTity of materiaT to be dredged.
Quantity of materiaT to be dredged.
Location and dredging site in reTation to other water users
(incTuding fish and wdeTife habitat).
PhysicaT characteristics of the watercourse, such as depth and
currents.
Time of year.
Duration of dredging.
Type of equipment to be used in dredging.
Existing quality of water in the vicinity of the dredging site.
Frequency of maintenance dredging.
SpoiTs DisposaT in Open Water
 
Each proposaT for open water disposaT of dredged SpoiTs wiTT be reviewed
for its water quaTity and use impTications with consideration being given to
the foTTowing factors:
PhysicaT, chemicaI and bioTogicaT quaTity of the dredged spoiTs.
Quantity of materiaT to be dredged.
Location of the disposaT site in reTation to other waterusers
(including fish and wdeTife).
PhysicaT characteristics of the watercourse at the disposaT site such
as depth and currents.
Existing and potentiaT quaTity and use of the water in the disposaT
area.
Existing quality of the sediments in the disposaT area.
Type of equipment to be used in transporting the spoiTs to the
disposaT area and method of deposition of the spoiTs.
Duration of disposaT operations.
Frequency of use of disposaT site.
Past history of spoiTs in the area.
Time of year.
 
 Parameter Levels
The following parameter levels given in % dry weight and mg/g are used as
guidelines* to suggest that contamination of the material to be dredged has
occurred.
LEVELS
PARAMETER % DRY WT. mg/g
Percent loss on ignition at
6000C (Organic Content)
Chemical Oxygen Demand (COD)
Total Kjeldahl Nitrogen (as N)
Total Phosphorus (as P)
Oil and Grease (ether or
chloroform solubles) 0.15 1.5
Total Mercury 0.00003 0.3 ug/g
Even though sediments may have concentrations of the parameters lower than
the stated guidelines, they may be deemed unsuitable for open water disposal
on the basis of one or more of the following tests: settleability, sulphides,
trace metals (including but not limited to iron, cadmium, lead, copper, zinc,
chromium, arsenic, and nickel), pesticides and bioassay test for toxicity.
Conversely, sediment with higher levels may be suitable for open water
disposal in some circumstances. Since sediment quality is only one factor
considered in spoils disposal. (sic) It is possible that dredged material
meeting all of the above quality requirements will be rejected for open water
disposal based on review of the other factors outlined previously in the
Spoils Disposal in Open Water Section.
Spoils Disposal on Land or in Dyked Areas
Each proposal to dispose of dredged spoils on land or in dyked areas will
be reviewed for its water quality implications with consideration being given
to the following factors:
Adequacy of dyked structure to contain spoils under forces of lateral
pressure, seepage, and/or erosion. (This does not imply that the
Ministry is responsible for the structural integrity of dykes, etc.).
The quality and quantity of any supernatant draining to a watercourse.
Adequancy of native soils for containment of contaminants (including
protection of groundwater quality).
In some instances, treatment of the supernatant from a disposal area may
be required. This treatment could be physical (settling or filtration),
*These guidelines are continually reviewed in the light of data being obtained
from dredging projects on water quality and water use effects and in light of
new information in the literature.
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 b)
- possible over dredging (i.e., where slightly greater than
anticipated volume of material is removed);
expansion of dredged material (excavated vs in situ volume);
rate of dredging;
- the detention time required for adequate settling;
- rate of seepage (where allowed) through dykes; and,
- runoff of effluent of acceptable quality.
Provisions must be made for foundation and embankment settlement to
ensure adequate freeboard to prevent overtopping by waves.
DESIGN AND CONSTRUCTION CONSIDERATIONS
1’)
g)
h)
Trees, stumps, etc. in the path of the dykes should normally be
cleared and grubbed.
Subsurface conditions should indicate the need for overburden or
organic material removal.
Access roads should be clearly defined and adjacent areas should not
be subjected to unnecessary traffic or trampling.
The design features of the dyke must be such that it will not impose
excessive stresses upon the foundation.
The slopes of the dykes must be stable under all construction and
operational conditions.
Dyke design should incorporate features that would minimize possible
failures due to sinking or spreading.
i) Dykes built on shore close to rivers or streams should be
located such that they will not result in later displacement of
the river or stream bank.
ii) Although not normally condoned, the dyke or containment area
built into a watercourse should not restrict natural streamflow
to the degree that upstream water levels will be raised or back
waters created.
Use of heavy construction machinery should be restricted as much as
possible to areas directly associated with the project.
In instances where equipment other than pipeline dredges are to be
used, necessary additional facilities must be constructed, e.g.,
adequate mooring facilities for direct pumpout from hopper dredges,
etc.
OPERATIONAL CONSIDERATIONS
a)
The diameter of the inflow pipeline or the rate of pumping should be
such that the rate of discharge would allow adequate retention.
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 FNPCA CHICAGO AUGUST 1968
DEGREE 0F POLLUTION OF HARBOUR SEDIMENTS (mg/kg DRY WT.)
PARAMETER LIGHT MODERATE HEAVY
Ammonia N 0-25 mg/kg 25-75 over 75
COD 0-40,000 40,000—120,000 over 120,000
Total Iron 0-8,000 8,000- 13,000 over 13,000
Lead 0-40 40-60 over 60
Oil & Grease 0-1,000 1,000-2,000 over 2,000
Phenol 0-0.26 0.26-0.60 over 0.60
Total Phosphorus 0-100 100-300 over 300
Sulphide 0-20 20-60 over 60
% Volatile Solids 0-5% 5—8% over 8%
Zinc 0-90 90-200 over 200
Following essentially the same procedure, the Cleveland FNPCA office
published a table in March 1969, to indicate what would be unacceptable for
dumping in Lake Erie.
FWPCA CLEVELAND 1969
SEDIMENT CHEMICAL CRITERIA — NOT ACCEPTABLE WHEN ONE OR
MORE EXCEEDS THE FOLLOWING LIMITS (FOR DUMPING IN LAKE ERIE)
Chlorine demand 15 mg/g dry wt.
COD 100 "
BODS 10
Volatile Solids 100
Oil & Grease 10
Phosphorus 1.5
Nitrogen 3.0
Iron 50
By 1971 these tables had been combined as the Jensen criteria and adopted
by the new Environmental Protection Agency (EPA) for use across the nation in
either fresh or marine waters, to determine the suitability of open water
spoils disposal as shown below:
EPA'1971
When concentrations, in sediments, of one or more of the following
pollution parameters exceed the limits expressEH Below, the sediment will be
considered polluted in all cases and, therefore, unacceptable for open water
disposal.
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PARAMETER % DRY NT.
Percent loss on ignition at
600°C (Organic Content) 6.0
Chemical Oxygen Demand (COD) 5.0
Total Kjeldahl Nitrogen (as N) 0.2
Total Phosphorus (as P) 0.1
Oil & Grease (ether or
chloroform solubles) 0.15
Total Mercury 0.00003
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1)
The guidelines are based on a bulk sediment analysis.
Changes in
substrate type may dramatically change the concentration of
contaminants without necessarily indicating any additional
contaminant input, simply because contaminants are associated
primarily with the fines (clay size fraction).
2)
The individual parameter levels are empirically derived and relate
more to some incremental change above background levels for the
nearshore zone of the Great Lakes, than to a level related to known
adverse effects on biota.
Most of the parameters have been selected
on the basis of harbour studies, where they appear together with a
large number of other chemicals in known and unknown quantities, so
that the synergistic effects between parameters are not adequately
understood.
3)
Individual parameter levels may be exceeded under natural conditions
e.g., organic content in marsh sediments, metals in some areas of
mineralization.
Sufficient sampling should be undertaken to
establish local background conditions.
4)
The
importance
of
sediment
chemistry
in
bioaccumulation
of
trace
contaminants is poorly understood.
Direct uptake of PCBs and mercury
has been demonstrated from sediments to fish under
lab conditions but
the factors influencing the rates of uptake have not yet been
quantified.
The International
Joint Commission (IJC)
has recommended the establishment
of compatible criteria between Canada and the United States to designate
contaminated
sediments.
While
this
may
provide
the
necessary
stimulus
for
research
to
overcome
the
limitations
mentioned
above,
it
would
be unrealistic
to
assume
that
fixed
numerical
criteria
will
have
universal
applicability
in
this complex field.
Region
V of
the
U.S.
EPA
has
reverted
to
a
set
of
figures
to
express
ranges of pollution as shown below:
EPA 1977 GUIDELINES
FROM IJC UPPER LAKES REPORT APPENDIX C
FIGURE
1:
RANGES
USED
TO
CLASSIFY
SEDIMENTS
FROM
GREAT
LAKES
HARBOURS.
ALL
RANGES
IN mg/kg
DRY
WT
UNLESS
OTHERWISE
NOTED.
NONPOLLUTED
MODERATELY
POLLUTED
HEAVILY
POLLUTED
Volatile
Solids
<5%
5%
- 8%
>8%
COD
<40,000
40,000-80,000
>80,000
TKN
<1,000
1,000-2,000
>2,000
0il & Grease
(Hexane Solubles)
<1,000
1,000-2,000
>2,000
Lead
<40
40-60
>60
Zinc
<90
90-200
>200
Mercury
<1.0
N.A.
>1.0
96
‘
“
'
v
.
.
.
W
-
v
.
~
‘
_
.
_
_
.
,
.
.
.
.
.
.
.
.
.
.
.
.
.
,
.
.
-
.
.
A
.
1
.
m
y
.
.
.
»
~
3
n
.
”
-
.
‘
A
.
W
»
.<
2
5
«
n
e
w
»
.
.
4
.
.
.
N
.
.
,
M
y
.
.
.
S
a
m
.
.
-
:
2
.
_
'
.
.
.
,
-
.
_
-
-
»
w
.
.
.
.
_
_
'
.
.
~
.
.
_
n
-
‘
‘
"
‘
 
FIGU
RE
II:
SUPP
LEME
NTAR
Y RA
NGES
(POO
RER
DATA
BASE
) US
ED T
O CL
ASSI
FY
SED
IME
NT
FRO
M G
REA
T L
AKE
S H
ARB
OUR
S.
ALL
RAN
GES
IN
mg/
kg
DRY WEIGHT UNLESS OTHERWISE NOTED
NON
POL
LUT
ED
MOD
ERA
TEL
Y P
OLL
UTE
D
HEA
VIL
Y P
OLL
UTE
D
Amm
oni
a
<75
75-
200
>20
0
Cya
nid
e
<0.
10
0.1
0-0
.25
>0.
25
Phos
phor
us
<420
420-
650
>650
Iron
<17
,00
0
17,
000
-25
,00
0
>25
,00
0
Nic
kel
<20
20-
50
>50
Man
gan
ese
<30
0
300
—50
0
>50
0
Ars
eni
c
<3
3—8
>8
Ca
dm
iu
m
*
*
>6
Chr
omi
um
<25
25-
75
>75
Barium <20 20—60 >60
Cop
per
<25
26-
50
>50
*Lower limits not established
PROCEDURES
Proposals for dredging and open water disposal will be evaluated on a site
spe
cif
ic
bas
is.
Maj
or
emp
has
is
wil
l b
e p
lac
ed
on
the
pos
sib
le
eff
ect
s o
f t
he
proposal on water quality and water use in the area.
CLEAN SPOILS
Spoils resulting from capital works (i.e., areas not previously dredged)
will
in
man
y i
nst
anc
es
be
sui
tab
le
for
ope
n w
ate
r d
isp
osa
l a
s f
ar
as
cont
amin
ant
leve
ls
are
conc
erne
d.
The
mate
rial
from
such
proj
ects
comm
only
inc
lud
es
cle
an
lit
tor
al
dri
ft
san
ds,
bou
lde
rs,
bla
ste
d r
ock
and
cla
y t
ill
.
If
no water quality or water use impairment will result the material may be
pla
ced
in
ope
n w
ate
r a
t a
sit
e w
her
e t
he
spo
ils
gen
era
lly
mat
ch
the
sub
str
ate
.
In
som
e c
ase
s i
t m
ay
be
pos
sib
le
to
loc
ate
dis
pos
al
sit
es
for
cle
an,
coa
rse
mat
eri
al
tha
t w
oul
d e
nha
nce
fis
h h
abi
tat
.
Lit
tor
al
dri
ft
san
ds
sho
uld
be
pla
ced
on
the
dow
ndr
ift
bea
ch
whe
rev
er
pos
sib
le
to
min
imi
ze
ero
sio
n.
CONTAMINATED SPOILS
Spo
ils
tha
t e
xce
ed
the
MOE
sed
ime
nt
qua
lit
y g
uid
eli
nes
in
any
par
ame
ter
may
be
uns
uit
abl
e f
or
ope
n w
ate
r d
isp
osa
l,
bas
ed
on
wat
er
qua
lit
y o
r w
ate
r u
se
or
pub
lic
hea
lth
rea
son
s.
Suc
h m
ate
ria
l w
hic
h u
sua
lly
res
ult
s f
rom
mai
nte
nan
ce
dre
dgi
ng
(e.g
.,
har
bou
rs,
etc
.)
mus
t b
e c
onf
ine
d w
ith
in
dyk
ed
area
s or
disp
osed
of u
plan
d so
as t
o pr
even
t en
try
to a
wate
rcou
rse.
The
deg
ree
of
con
fin
eme
nt
may
be
var
ied
to
sui
t t
he
con
tam
ina
nt.
For
exa
mpl
e,
no
esc
ape
of
tox
ic
PCB
s s
hou
ld
occ
ur,
but
it
may
be
suf
fic
ien
t t
o f
ilt
er
out
woo
d
fibre through porous berms.
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GUI
DEL
INE
S F
OR
THE
POL
LUT
ION
AL
CLA
SSI
FIC
ATI
ON
OF
GRE
AT
LAK
ES
HAR
BOR
SED
IME
NTS
Gui
del
ine
s
for
the
eva
lua
tio
n
of
Gre
at
Lak
es
har
bor
sed
ime
nts
,
bas
ed
on
bul
k s
edi
men
t a
nal
ysi
s,
hav
e b
een
dev
elo
ped
by
Reg
ion
V o
f t
he
U.S.
Env
iro
nme
nta
l P
rot
ect
ion
Age
ncy
.
The
se
gui
del
ine
s,
dev
elo
ped
und
er
the
pre
ssu
re
of
the
nee
d t
o m
ake
imm
edi
ate
dec
isi
ons
reg
ard
ing
the
dis
pos
al
of
dre
dge
d m
ate
ria
l,
hav
e n
ot
bee
n
ade
qua
tel
y r
ela
ted
to
the
imp
act
of
the
sed
ime
nts
on
the
lak
es
and
are
con
sid
ere
d i
nte
rim
gui
del
ine
s u
nti
l m
ore
scientifically sound guidelines are developed.
The
gui
del
ine
s a
re
bas
ed
on
the
fol
low
ing
fac
ts
and
ass
ump
tio
ns:
1.
Sed
ime
nts
tha
t h
ave
bee
n s
eve
rel
y
alt
ere
d b
y t
he
act
ivi
tie
s o
f m
an
are most likely to have adverse environmental impacts.
2.
The
var
iab
ili
ty
of
the
sam
pli
ng
and
ana
lyt
ica
l
tec
hni
que
s
is
suc
h
tha
t t
he
ass
ess
men
t o
f a
ny
sam
ple
mus
t b
e b
ase
d o
n a
ll
fac
tor
s a
nd
not
on
any
sin
gle
par
ame
ter
wit
h t
he
exc
ept
ion
of
mer
cur
y a
nd
polychlorinated biphenyls (PCBs). '
3.
Due
to
the
doc
ume
nte
d b
ioa
ccu
mul
ati
on
of
mer
cur
y a
nd
PCB
s,
rig
id
lim
ita
tio
ns
are
use
d w
hic
h o
ver
rid
e a
ll
oth
er
con
sid
era
tio
ns.
Sed
ime
nts
are
cla
ssi
fie
d
as
hea
vil
y
pol
lut
ed,
mod
era
tel
y
pol
lut
ed,
or
nonp
ollu
ted
by e
valu
atin
g ea
ch p
aram
eter
meas
ured
agai
nst
the
scal
es s
hown
bel
ow.
The
ove
ral
l c
las
sif
ica
tio
n o
f t
he
sam
ple
is
bas
ed
on
the
mos
t
predominant classification of the individual parameters. Additional factors
suc
h a
s e
lut
ria
te
tes
t r
esu
lts
,
sou
rce
of
con
tam
ina
tio
n,
par
tic
le
siz
e
distribution, benthic macroinvertebrate populations, color, and odor are also
con
sid
ere
d.
The
se
fac
tor
s a
re
int
err
ela
ted
in
a c
omp
lex
man
ner
and
the
ir
interpretation is necessarily somewhat subjective.
The
fol
low
ing
ran
ges
use
d t
o c
las
sif
y s
edi
men
ts
fro
m G
rea
t L
ake
s h
arb
ors
are
base
d on
comp
ilat
ions
of d
ata
from
over
100
diff
eren
t ha
rbor
s si
nce
1967
.
NON
POL
LUT
ED
MOD
ERA
TEL
Y
POL
LUT
ED
HEA
VIL
Y
POL
LUT
ED
Vol
ati
le
Sol
ids
(%)
<5
5 -
8
>8
COD
(mg
/kg
dry
wei
ght
)
<40
,00
0
40,
000
-80
,00
0
>80
,00
0
TKN
"
"
"
<1,
000
1,0
00-
2,0
00
>2,
000
Oil & Grease
(Hexane Solubles)
(mg
/kg
dry
wei
ght
)
<1,
000
1,0
00—
2,0
00
>2,
000
Lea
d (
mg/
kg
dry
wei
ght
)
<40
40-
60
>60
Zin
c
"
“
"
<90
90-
200
>20
0
98
"
‘
3
'
I
S
 
-
,
-
-
  
  
 
The following supplementary ranges used to classify sediments from Great
Lake
s ha
rbor
s ha
ve b
een
deve
lope
d to
the
poin
t wh
ere
they
are
usab
le b
ut a
re
stil
l s
ubje
ct t
o mo
difi
cati
on
by t
he a
ddit
ion
of n
ew d
ata.
Thes
e ra
nges
are
based on 260 samples from 34 harbors sampled during 1974 and 1975.
NONPOLLUTED MODERATELY POLLUTED HEAVILY POLLUTED
(mg/kg dry weight)
  
Ammonia <75 75-200 >200
Cyanide <0.10 0.10-0.25 >0.25
Phosphorus <420 420-650 >650
Iron <17,000 17,000—25,000 >25,000
Nickel <20 20-50 >50
Manganese <300 300-500 >500
Arsenic <3 3-8 >8
Cadmium * * >6
Chromium <25 25—75 >75
Barium <20 20-60 >60
Copper <25 25-50 >50
*Lower limits not established
The
guid
elin
es s
tate
d be
low
for
merc
ury
and
PCBs
are
base
d up
on t
he b
est
available information and are subject to revision as new information becomes
available.
Methylation of mercury at levels 31 mg/kg has been documented (1,2).
Methyl mercury is directly available for bioaccumulation in the food chain.
Ele
vat
ed
PCB
lev
els
in
lar
ge
fis
h h
ave
bee
n f
oun
d i
n a
ll
of
the
Gre
at
Lak
es.
The
acc
umu
lat
ion
pat
hwa
ys
are
not
well
und
ers
too
d.
How
eve
r,
bio
acc
umu
lat
ion
of
PCB
s a
t l
eve
ls
>10
mg/
kg
in
fat
hea
d m
inn
ows
has
bee
n
documented (3). _
Bec
aus
e o
f t
he
kno
wn
bio
acc
umu
lat
ion
of
the
se
tox
ic
com
pou
nds
, a
rig
id
lim
ita
tio
n
is
use
d.
If
the
gui
del
ine
s
val
ues
are
exc
eed
ed,
the
sed
ime
nts
are
cla
ssi
fie
d a
s p
oll
ute
d
and
una
cce
pta
ble
for
ope
n l
ake
dis
pos
al
no
mat
ter
wha
t
the other data indicate.
POLLUTED
Mercury 31 mg/kg dry weight
Total PCBs 310 mg/kg dry weight
The
pol
lut
ion
al
cla
ssi
fic
ati
on
of
sed
ime
nts
wit
h
tot
al
PCB
con
cen
tra
tio
ns
bet
wee
n 1
.0
mg/
kg
and
10.
0 m
g/k
g d
ry
wei
ght
wil
l
be
det
erm
ine
d o
n a
case-by-case basis.
Elutriate Test Results
The
elu
tri
ate
tes
t w
as
des
ign
ed
to
sim
ula
te
the
dre
dgi
ng
and
dis
pos
al
;
pro
ces
s.
In
the
tes
t,
sed
ime
nt
and
dre
dgi
ng
sit
e w
ate
r
are
mix
ed
in
the
rat
io
of
1:4
by
vol
ume
.
The
mix
tur
e i
s s
hak
en
for
30
min
ute
s,
all
owe
d t
o s
ett
le
for
one
hou
r,
cen
tri
fug
ed,
and
fil
ter
ed
thr
oug
h
a 0
.45
p f
ilt
er.
The
fil
ter
ed
water (elutriate water) is then chemically analysed.
99
 A sample of the dredging site water used in the elutriate test is filtered
through a 0.45 p filter and chemically analysed.
A comparison of the elutriate water withthe filtered dredging site water
for like constituents indicates whether a constituent was or was not released
in the test.
The value of elutriate test results are limited for overall pollutional
classification because they reflect only immediate release to the water column
under aerobic and near neutral pH conditions. However, elutriate test results
can be used to confirm releases of toxic materials and to influence decisions
where bulk sediment results are marginal between two classifications. If
there is release or non-release, particularly of a more toxic constituent, the
elutriate test results can shift the classification toward the more polluted
or the less polluted range, respectively.
Source of Sediment Contamination
In many cases the sources of sediment contamination are readily apparent.
Sediments reflect the inputs of paper mills, steel mills, sewage discharges,
and heavy industry very faithfully. Many sediments may have moderate or high
concentrations of TKN, COD, and volatile solids yet exhibit no evidence of
man-made pollution. This usually occurs when drainage from a swampy area
reaches the channel or harbor, or when the project itself is located in a low
lying wetland area. Pollution in these projects may be considered natural and
some leeway may be given in the range values for TKN, COD, and volatile solids
provided that toxic materials are not also present.
Field Observations
Experience has shown that field observations are a most reliable indicator
of sediment condition. Important factors are color, texture, odor, presence
of detritus, and presence of oily material.
COLOR
A general guideline is the lighter the color the cleaner the sediment.
There are exceptions to this rule when natural deposits have a darker color.
These conditions are usually apparent to the sediment sampler during the
survey.
TEXTURE
A general rule is the finer the material the more polluted it is. Sands
and gravels usually have low concentrations of pollutants while silts usually
have higher concentrations. Silts are frequently carried from polluted
upstream areas, whereas, sand usually comes from lateral drift along the shore
of the lake. Once again, this general rule can have exceptions and it must be
applied with care.
ODOR
This is the odor noted by the sampler when the sample is collected. These
odors can vary widely with temperature and observer and must be used
carefully.
Lack of odor,
a beach odor,
or a fishy odor tends to denote
cleaner samples.
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DETRITUS
Detritus may cause higher values for the organic parameters COD, TKN, and
volatile solids. It usually denotes pollution from natural sources. (Note:
The determination of the "naturalness" of a sediment depends upon the
establishment of a natural organic source and a lack of man-made pollution
sources with low values for metals and oil and grease. The presence of
detritus is not decisive in itself.)
OILY MATERIAL
This almost always comes from industry or shipping activities. Samples
showing visible oil are usually highly contaminated. If chemical results are
marginal, a notation of oil is grounds for declaring the sediment to be
polluted.
Benthos
Classical biological evaluation of benthos is not applicable to harbor or
channel sediments beause these areas very seldom support a well balanced
population. Very high concentrations of tolerant organisms indicate organic
contamination but do not necessarily preclude open lake disposal of the
sediments. A moderate concentration of oligochaetes or other tolerant
organisms frequently characterizes an acceptable sample. The worst case
exists when there is a complete lack or very limited number of organisms.
This may indicate a toxic condition.
In addition, biological results must be interpreted in light of the
habitat provided in the harbor or channel. Drifting sand can be a very harsh
habitat which may support only a few organisms. Silty material, on the other
hand, usually provides a good habitat for sludgeworms, leeches, fingernail
Clams, and perhaps, amphipods. Material that is frequently disturbed by
ship's propellers provides a poor habitat.
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Appendix 4
WATER QUALITY BOARD AND RESEARCH ADVISORY BOARD
COMMENTS ON DREDGING
A. WATER QUALITY BOARD
Dredging
The International Working Group on the Abatement and Control of Pollution
from Dredging Activities was established in 1972, pursuant to Annex 6 of the
Agreement.
Its final report was submitted to the Governments in May, 1975.
The Working Group was directed to review dredging practices and programs
in the Great Lakes as well as the relevant laws and regulations governing
dredging. The intent was to develop compatible criteria for the
characterization of dredged material and to recommend compatible programs
governing the disposal of polluted spoil in open waters.
The Working Group concluded that there are no single parameter values
which could be adopted as universal criteria for designating "polluted dredged
spoils" applicable throughout the Great Lakes.
It recommended a site-specific
assessment of the hazards and potential benefits of each project within its
particular environment through a selection of indicator parameters derived
from baseline information on water and sediment quality and known sources of
potential contaminants. Moreover, the Working Group recommended that
guidelines on dredging be accomplished by administrative action to allow some
flexibility in meeting the changing responsibilities of different agencies and
jurisdictions.
The report also advised that a standing committee be formed to audit
dredging activities in the Great Lakes and review assessments of individual
projects to ensure compliance with recommended guidelines.
Such a committee
would provide a logical focus for encouraging the exchange of information from
continuing research activities and accumulated experience and would be able to
recommend appropriate changes in criteria and guidelines to reflect
technological advances as they occur.
The Board was disappointed that the Working Group was unable to recommend
universal criteria for designating polluted dredge spoils, rather than the
site-specific assessment which the Board considers unduly burdensome to
regulatory agencies. However, if the standing committee as proposed by the
Working Group is established under the IJC, as the Board recommends, the Board
would encourage furher examination of the two approaches by the standing
committee.
Source: Water Quality Board, Great Lakes Water Quality 1975 Annual Report
p. 105
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B. RESEARCH ADVISORY BOARD
DEPOSITION 0F TOXIC SUBSTANCES IN THE GREAT LAKES
 
Although it is desirable that harmful persistent organic contaminants and
heavy metals be substantially absent from the waters of the Great Lakes, the
fact is that many such substances are present due to previous inadequate
control measures. Various concentrations are found in water, biota, and Great
Lakes sediments.
With regard to sediments, the Board in its 1977 report to the
International Joint Commission, stated:
"that more effort must be devoted to ascertaining the permanency of toxic
mat
eri
als
in
the
sed
ime
nts
, a
nd
whe
the
r t
hes
e s
edi
men
t s
our
ces
can
be
safely ignored or if they must be considered as sources contributing to
the biologically available concentrations in the water."
In the past year, the Board's Expert Committee on Engineering and
Technological Aspects of Great Lakes Water Quality, illustrated the
significance of the Board's concerns during its review of current dredged
material disposal practices in the Great Lakes.
Great Lakes dredging involves the removal of lake sediments from the
bottom of a waterway to form a channel of sufficient depth and width to
accommodate barges and ships within the lakes. In 1966, the U.S. Army Corps
of Engineers began a study of the effects of, and alternatives to, dumping
dredged material from the Great Lakes harbors into the lakes. The study was
initiated because of concerns that increased population and industrial
development on the Great Lakes were causing the sediments in channels to
become increasingly polluted.
In 1969, the Corps' Buffalo District issued a report on this study which
stated that no harmful effects attributable to open water disposal had been
identified, but that the possibility of environmental damage existed. The
report concluded that in-lake disposal of heavily polluted dredged material
must be considered presumptively undesirable, and that it might be desirable
to construct diked areas to confine materials to be dredged over a 10-year
period from 35 Great Lakes harbors which were considered highly polluted. The
assumption was that after a 10-year period, sufficient progress would have
been made under regulatory programs for controlling the entry of pollutants to
permit a resumption of open-water dumping without serious environmental
risks. The United States Congress responded to this recommendation by
enacting Section 123 of the River and Harbor Act of 1970. It authorized the
Corps to build, operate, and maintain confined disposal facilities for
polluted dredged material on the Great Lakes. The Act also authorized EPA to
advise the Corps as to which localities were in the greatest need of these
faci ities.
Source: Research Advisory Board's Annual Report, (July 1978), pp. 14-17
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These measures were taken because of the uncertainty as to whether
open-water disposal of dredged materials would facilitate the release of
contaminants from the polluted dredged material. From the time of
authorization of the confined disposal program in 1970 to February 1977, its
estimated total cost was 263 million dollars. The disposal cost was
conservatively estimated to be 350 percent greater than if open-lake disposal
was practised. In addition, annual maintenance costs of 10-20 million dollars
are encountered. It is nonetheless, difficult to comment on the additional
costs of confined disposal because some of these confined disposal costs may
have resulted in beneficial uses, such as marsh and park development.
Since the publication of the 1975 report of the International Working
Group on Abatement and Control of Pollution from Dredging Activities,
considerable research on the effects of dredging and dredged material research
has been completed. In particular, the United States Army Corps of Engineers
as of March 1978, completed a 32 million dollar Dredged Material Research
Program. The Board's Expert Committee on Engineering and Technological
Aspects, therefore, appointed a Subcommittee to meet with representatives of
key agencies and research groups to appraise the state-of-the-art on the
abatement and control of pollution from dredging activities. In general,
several related observations are forwarded for the Commission's information:
1. To determine which dredged materials are "polluted" and subsequently
subject to confined disposal sites, the responsible Great Lakes
jurisdictions use criteria which are based on bulk analyses of the
material. That is, the material is digested and analysed for its
total composition with regard to various chemical constituents. This
approach assumes that all contaminants with the dredged material can
be available to the environment. It was further noted that the two
countries have different decision levels for mercury and PCB
concentrations in dredged materials.
2. The results of the Corps of Engineers Dredged Material Research
Program have shown no relationship between bulk chemical content of a
sediment and the adverse effect that may result from open-water
disposal of that sediment. Elutriate tests and bioassay procedures
appear to be more useful in evaluating the potential environmental
impact of dredged material disposal. In other words, dredged
material may be classified as "polluted" on the basis of bulk
analyses, while in fact few of the contaminants may be available to
the environment.
3. In recognition of the Corps of Engineers results, at least one Great
Lakes agency with responsibility for classifying dredged materials
noted that case-by-case assessments using elutriate tests and
bioassay procedures are beyond the present resources allocated to
their agencies for classifications of dredged material. The
additional resources required would be of minimal cost when compared
to the United States 263 million dollar cost of confined disposal in
the Great Lakes during the past seven years. Subsequent inquiries
have indicated that as of this date, 8 of 10 U.S. EPA Regions have
. now adopted or are considering adopting case-by-case evaluation of
dredged materials.
105
 
  
"
‘
1
—
4.
Th
er
e
is
in
cr
ea
si
ng
ev
id
en
ce
th
at
th
e
so
-c
al
le
d
"c
on
fi
ne
d
di
sp
os
al
"
§
of
dre
dge
d s
edi
men
ts
cur
ren
tly
pra
cti
sed
in
the
Gre
at
Lak
es
are
a m
ay
a
hav
e g
rea
ter
adv
ers
e e
nvi
ron
men
tal
imp
act
tha
n o
rig
ina
lly
per
cei
ved
,
a
and
pos
sib
ly
thi
s i
mpa
ct
may
be
as
or
mor
e s
ign
ifi
can
t t
han
the
les
s
exp
ens
ive
ope
n-w
ate
r
dis
pos
al.
Sev
era
l
rea
son
s
are
pos
sib
le
inc
lud
ing
:
ina
ppr
opr
iat
e m
ana
gem
ent
and
des
ign
of
suc
h d
isp
osa
l
sit
es;
ove
rfl
ow
of
exc
ess
wat
er
to
nea
rsh
ore
are
as
of
the
lak
es
and
sub
seq
uen
t d
isp
ers
al
of
con
tam
ina
nts
whi
ch
are
ass
oci
ate
d w
ith
mic
rop
art
icu
lat
e m
ate
ria
ls;
and
, t
he
dif
fer
ent
phy
sic
al-
che
mic
al
con
dit
ion
s w
ith
in
lan
d s
ite
s w
hic
h m
ay
enh
anc
e m
obi
liz
ati
on
of
contaminants.
5.
The
Cor
ps
stu
die
s h
ave
thu
s fa
r i
ndi
cat
ed
the
vir
tua
l a
bse
nce
of
sig
nif
ica
nt
bio
log
ica
l
sho
rt
and
lon
g-t
erm
eff
ect
s a
sso
cia
ted
wit
h
ope
n—w
ate
r d
ump
ing
.
The
pri
me
eff
ect
s
in
the
sho
rt—
ter
m w
ere
phy
sic
al,
by
smo
the
rin
g o
f f
ish
spa
wni
ng
bed
s o
r b
ott
om
dwe
lli
ng
org
ani
sms
.
Eff
ect
s o
n t
he
lat
ter
wer
e m
ini
miz
ed
whe
n d
red
ged
mat
eri
als
wer
e
dep
osi
ted
on
sim
ila
r
mat
eri
als
in
the
lak
e
bot
tom
(i.e. sand on sand, or, mud on mud).
 
In
vie
w o
f t
he
rec
ent
res
ear
ch
res
ult
s,
it
is
pos
sib
le
tha
t d
isp
osa
l
pra
cti
ces
in
the
Gre
at
Lak
es
Bas
in
may
hav
e c
ost
bot
h G
ove
rnm
ent
s c
ons
ide
rab
ly
mor
e
tha
n
nec
ess
ary
bec
aus
e
of
the
cri
ter
ia
use
d
in
cla
ssi
fyi
ng
dre
dge
d
mat
eri
als
and
tha
t t
her
e m
ay
be
sig
nif
ica
nt
pot
ent
ial
env
iro
nme
nta
l
imp
act
s
fro
m
"co
nfi
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dis
pos
al"
sit
es.
The
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,
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re
is
a n
eed
for
an
imm
edi
ate
and
car
efu
l r
evi
ew
of
the
exi
sti
ng
man
age
men
t p
oli
cie
s f
or
dre
dgi
ng
and
dre
dge
d
mat
eri
al
dis
pos
al
in
the
Gre
at
Lak
es
Bas
in
wit
h
reg
ard
to
the
rec
ent
g
res
ear
ch
res
ult
s.
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x
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RECOMMENDATIONS
The
Gre
at
Lak
es
Res
ear
ch
Adv
iso
ry
Boa
rd
rec
omm
end
s t
hat
the
Int
ern
ati
ona
l
Joint Commission:
1.
Requ
est
Gove
rnme
nts
to a
ssur
e co
ordi
nate
d ef
fort
s in
both
coun
trie
s
to
ide
nti
fy
exi
sti
ng
dat
a
bas
es
and
to
dev
elo
p
new
dat
a
bas
es
wit
h
i
info
rmat
ion
on p
hysi
cal,
chem
ical
and
toxi
colo
gica
l d
ata,
to e
nabl
e
as
se
ss
me
nt
of
ch
em
ic
al
s.
Th
e
Bo
ar
d
of
fe
rs
th
e
su
gg
es
ti
on
of
uti
liz
ing
Uni
ted
Sta
tes
and
Can
adi
an
nat
ion
al
cor
res
pon
den
ts
to
the
Int
ern
ati
ona
l
Reg
ist
er
of
Pot
ent
ial
ly
Tox
ic
Che
mic
als
of
the
Uni
ted
Nations Environment Program, for coordination.
2.
Rec
omm
end
an
imm
edi
ate
joi
nt
Uni
ted
Sta
tes
-Ca
nad
a
eff
ort
to
rev
iew
and
ass
ess
alt
ern
ati
ve
dre
dge
d m
ate
ria
l
dis
pos
al
pol
ici
es
in
the
Gr
ea
t
La
ke
s
Ba
si
n.
Th
e
as
se
ss
me
nt
sh
ou
ld
be
ba
se
d
on
th
e
in
te
ns
iv
e
‘
and
rec
ent
ly
com
ple
ted
Can
adi
an
and
Uni
ted
Sta
tes
res
ear
ch
eff
ort
s.
'
If
no
me
ch
an
is
m
is
av
ai
la
bl
e
un
de
r
th
e
cu
rr
en
t
or
th
e
fu
tu
re
re
vi
se
d
Agr
eem
ent
, t
he
Boa
rd
is
wil
lin
g t
o o
rga
niz
e a
tas
k f
orc
e t
o u
nde
rta
ke
‘
thi
s
eff
ort
.
3
3.
Exp
res
s t
o t
he
Gov
ern
men
t o
f C
ana
da
its
con
cer
n o
n t
he
lim
ita
tio
ns
of
the
Can
ada
Env
iro
nme
nta
l
Con
tam
ina
nts
Act
to
con
tro
l
and
pre
ven
t
fut
ure
man
ife
sta
tio
n o
f m
an-
mad
e c
hem
ica
ls
wit
hin
Can
ada
and
the
106
 Gre
at
Lak
es
eco
sys
tem
bec
aus
e o
f t
he
ina
bil
ity
of
the
Act
to
ass
ure
that the Departments, with responsibility for enforcement of the Act
hav
e a
cce
ss
to
inf
orm
ati
on
whi
ch
will
ide
nti
fy
aH
sub
sta
nce
s i
n u
se,
manufactured or imported within Canada.
  

 Appendix 5
GREAT LAKES WETLANDS - LEGISLATION AND DREDGING IMPACTS
LEGISLATION
United States
Va
ri
ou
s
po
li
ci
es
an
d
le
gi
sl
at
io
n
ex
is
t
in
th
e
Un
it
ed
St
at
es
an
d
ad
dr
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s
w
e
t
l
a
n
d
s
.
T
h
i
s
s
e
c
t
i
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n
f
o
c
u
s
e
s
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r
e
g
u
l
a
t
o
r
y
p
r
o
g
r
a
m
s
,
i
n
c
l
u
d
i
n
g
s
t
a
t
e
p
e
r
m
i
t
pr
og
ra
ms
,
th
at
ca
n
be
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ie
d
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we
tl
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ra
l
W
a
t
e
r
P
o
l
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t
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19
72
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up
a
pe
rm
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p
r
o
g
r
a
m
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r
S
e
c
t
i
o
n
4
0
4
w
h
i
c
h
i
n
c
l
u
d
e
s
c
o
n
t
r
o
l
s
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t
h
e
d
r
e
d
g
i
n
g
an
d
f
i
l
l
i
n
g
o
f
w
e
t
l
a
n
d
s
,
de
si
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in
g
th
e
Ar
my
Co
rp
s
of
En
gi
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s
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e
le
ad
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.
Th
e
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ea
n
Wa
te
r
Ac
t
of
19
77
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de
d
Se
ct
io
n
40
4,
g
i
vi
n
g
th
e
st
at
es
a
ut
h
o
r
i
t
y
to
ta
ke
ov
er
th
e
pe
rm
it
pr
og
ra
m.
At
th
is
ti
me
,
no
st
at
e
ha
s
ex
er
ci
se
d
th
is
op
ti
on
.
Se
ct
io
n
10
of
th
e
Ri
ve
r
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d
Ha
rb
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s
Ac
t
of
18
99
gi
ve
s
th
e
A
r
m
y
Co
rp
s
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En
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ne
er
s
pe
rm
it
au
th
or
it
y
to
re
gu
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te
an
y
wo
rk
in
na
vi
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bl
e
wa
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of
th
e
Un
it
ed
St
at
es
.
Illinois
St
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e
dr
ed
ge
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d
fi
ll
pe
rm
it
s
fo
r
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ti
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ti
es
in
n
a
vi
g
a
b
l
e
wa
t
e
r
s
wi
t
h
i
n
P
o
r
t
D
i
s
t
r
i
c
t
s
ar
e
i
s
s
u
e
d
b
y
R
e
g
i
o
n
a
l
P
o
r
t
D
i
s
t
r
i
c
t
s
.
T
h
e
I
l
l
i
n
o
i
s
D
e
p
a
r
t
m
e
n
t
o
f
T
r
a
n
s
p
o
r
t
a
t
i
o
n
i
s
s
ue
s
p
e
r
m
i
t
s
f
o
r
t
h
e
s
e
a
c
t
i
v
i
t
i
e
s
in
p
u
b
l
i
c
w
a
t
e
r
s
o
f
t
h
e
s
t
a
t
e
(
I
l
l
i
n
o
i
s
A
n
n
o
t
a
t
e
d
S
t
a
t
u
t
e
s
,
C
h
a
p
t
e
r
19
,
S
e
c
t
i
o
n
65
).
T
h
e
s
t
a
t
e
a
l
s
o
is
su
es
pe
rm
it
s
r
e
g
ul
a
t
i
n
g
f
l
o
o
d
p
l
a
i
n
d
e
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l
o
p
m
e
n
t
(I
ll
in
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s
A
n
n
o
t
a
t
e
d
St
at
ut
es
,
C
h
a
p
t
e
r
19
,
S
e
c
t
i
o
n
6
5
(
F
)
)
.
Indiana
T
h
e
st
at
e
ha
s
a
pe
rm
it
s
ys
t
e
m
th
at
r
e
g
ul
a
t
e
s
al
l
a
c
t
i
vi
t
y
in
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ke
s
an
d
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s
h
o
r
e
l
i
n
e
s
at
or
b
e
l
o
w
m
e
a
n
se
a
l
e
ve
l
,
a
d
m
i
n
i
s
t
e
r
e
d
b
y
I
n
d
i
a
n
a
D
e
p
a
r
t
m
e
n
t
of
Na
tu
ra
l
R
e
s
o
ur
c
e
s
(I
nd
ia
na
Co
de
,
Se
ct
io
n
13
-2
-1
1
(L
ak
es
La
w)
).
Th
is
d
e
p
a
r
t
-
m
e
n
t
a
l
s
o
i
s
s
ue
s
p
e
r
m
i
t
s
c
o
n
t
r
o
l
l
i
n
g
a
c
t
i
v
i
t
i
e
s
w
i
t
h
i
n
f
l
o
o
d
p
l
a
i
n
a
r
e
a
s
(I
nd
ia
na
Co
de
,
Se
ct
io
n
13
-2
-2
2
(F
lo
od
Co
nt
ro
l
Ac
t)
).
Michigan
Mi
ch
ig
an
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
(M
DN
R)
is
su
es
pe
rm
it
s
fo
r
an
y
a
c
t
i
v
i
t
y
b
e
l
o
w
o
r
d
i
n
a
r
y
h
i
g
h
w
a
t
e
r
on
i
n
l
a
n
d
l
a
k
e
s
an
d
s
t
r
e
a
m
s
(
M
i
c
h
i
g
a
n
C
o
m
p
.
La
ws
An
n.
Se
ct
io
ns
2
8
1
.
9
5
1
-
2
8
1
.
9
6
5
(I
nl
an
d
La
ke
s
an
d
St
re
am
s
Ac
t)
).
MD
NR
al
so
ha
s
th
e
a
u
t
h
o
r
i
t
y
to
r
e
g
u
l
a
t
e
a
c
t
i
v
i
t
y
on
p
u
b
l
i
c
t
r
u
s
t
l
a
n
d
s
b
e
l
o
w
o
r
d
i
n
a
r
y
hi
gh
wa
t
e
r
on
th
e
Gr
ea
t
La
ke
s
(M
ic
hi
ga
n
Co
mp
.
La
ws
An
n.
Se
ct
io
ns
32
2.
70
9,
16
.3
52
,
24
.1
02
,
24
.1
04
(G
re
at
La
ke
s
S
ub
m
e
r
g
e
d
La
nd
s
Ac
t)
).
Th
e
st
at
e
es
ta
b-
li
sh
es
c
o
m
p
r
e
h
e
n
s
i
ve
us
e
an
d
m
a
n
a
g
e
m
e
n
t
pl
an
s
fo
r
s
h
o
r
e
l
a
n
d
s
(M
ic
hi
ga
n
Ac
t
Co
mp
.
La
ws
An
n.
S
ec
t
i
o
n
s
28
1.
63
1
-
28
1.
64
5
(S
ho
re
la
nd
s
P
r
o
t
e
c
t
i
o
n
an
d
M
a
n
a
g
e
-
me
nt
))
.
Th
e
st
at
e
is
su
es
pe
rm
it
s
re
gu
la
ti
ng
ac
ti
vi
ty
in
fl
oo
dp
la
in
s
(M
ic
hi
ga
n
 Comp. Laws Ann. Sections 323.56, 560.117). A recently passed act "provides
for the preservation, management, protection and use of wetlands, to require
permits to alter certain wetlands; and to provide remedies and penalties" (Act
No. 203, Public Acts of 1979 (The Goemaere-Anderson Wetlands Protection Act)).
Minnesota
The Minnesota Department of Natural Resources regulates the use of all
publ
ic w
ater
s by
mean
s of
a pe
rmit
prog
ram
(Min
neso
ta S
tatu
tes,
Chap
ter
105)
.
Critical areas, designated by the state, are regulated by issuanceof
development permits (Minnesota Statutes, Section 1166.01 - 1166.14). Counties
are required to issue permits for shoreland zoning and floodplain development
(Minnesota Statutes, Sections 105.485, 104.01—104.07).
New York
The New York Department of Environmental Conservation has the authority to
issue permits regulating dredging and filling in areas influenced by tides
(New York Environmental Conservation Law, Article 25). Local entities have
the power to issue permits regulating dredging and filling in freshwater
wetlands (New York Environmental Conservation Law, Article 36).
Ohio
Ohio has no state regulation of wetlands. The Ohio Department of Natural
Resources has established a Critical Areas program, but the guidelines set
forth are voluntarily adopted by communities wishing to regulate these areas.
Pennsylvania
The Pennsylvania Department of Environmental Resources has a permit
prog
ram
re u
lati
ng t
he c
onst
ruct
ion
of d
ams
and
encr
oach
ment
in a
ll w
ater
s o
f
the state (Pennsylvania Statutes Annotated Title 32, Sections 681-691).
Wisconsin
A comprehensive use and management plan for navigable waters and shore-
lands has been established by Wisconsin Department of Natural Resources
(Wisconsin Statutes Annotated Sections 144,26, 59.971 (Shoreland Zoning
Act)). The state sets standards for floodplain regulation, with the local
entities adopting ordinances (Wisconsin Statutes Annotated Section 87.30
(Flood Plain Zoning Act)).
Canada
There are no specific policies and/or legislation directed to the
preservation of wetland areas on the Canadian Great Lakes. There are,
however, public acquisition programs and legislation which can be applied
Endirectly for wetland protection. Some of the more pertinent ones are as
ollows.
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in
e
we
tl
an
ds
ar
e
sh
ow
n
in
Ta
bl
e
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y
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mst
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s
for
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e
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r
-
dr
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,
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n
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os
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l
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of
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d
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-
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 Indiana
There is still a significant amount of wetland area on the Lake Michigan
shoreline; however, no actual acreage figure is available. It is estimated
that possibly as much as 90% of the wetlands have been impacted by dredge and
fill activities to varying degrees (personal communication, David Turner,
Indiana Department of Natural Resources).
Michigan
The 1973 Shorelands Inventory showed 105,855 acres of wetlands existing
along Michigan's shorelines as follows:
Lake Huron 39,107 acres
Lake Michigan 29,785 acres
Lake St. Clair
(including St. Clair and
Detroit Rivers) 17,050 acres
Lake Superior 13,198 acres
Lake Erie 6,715 acres
Source: Jaworski and Raphael; Coastal Wetlands Value Study. 1978.
Information such as acres lost or impact through dredging activities is
not readily available.
Minnesota
Minnesota has few traditionally defined wetlands along the shoreline of
Lake Superior. All dredged materials are disposed of in upland or confined
sites, minimizing potential impacts to wetlands.
Ohio
An inventory conducted in 1974 showed approximately 15,000 acres of
wetl
ands
alon
g Oh
io's
shor
elin
e of
Lake
Erie
(Wee
ks,
1974
).
It i
s es
tima
ted
that over one-half of the coastal wetlands have been lost since 1954 (Ohio
Coastal Zone Management Program, Public Review Draft, Spring 1979). No Ohio
wetlands have been impacted through dredging activities in recent years.
Pennsylvania
The number of wetlands along Pennsylvania's Lake Erie shoreline is
extremely limited. Only one major wetland has been identified. This area,
approximately 1,800 acres, is on Presque Isle Peninsula. It is in a state
park and thus protected from dredging impacts. Eleven other small wetlands
ave been identified and none of them are impacted through dredging activities
(personal communication, E. J. Tabor, Pennsylvania Department of Environmental
Resources).
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rt
me
nt
of
Na
tu
ra
i
Re
so
ur
ce
s.
Te
ch
ni
ca
i
Bu
ii
et
in
No. 68, 1973.
Wg
ek
s,
J.
L.
Oh
io
We
ti
an
ds
In
ve
nt
or
y,
Oh
io
De
pa
rt
me
nt
of
Na
tu
ra
i
Re
so
ur
ce
s,
4.
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4
T
A
B
L
E
1
WETLAND AREA OF THE CANADIAN LOWER GREAT LAKES BY WETLAND TYPE AND WATER BODY*
OP
EN
SHORELINE
UNRES-
TRICTED
BAY
SHALLOW—
SLOPING
BEACH
RIVER
DELTA
RESTRICTED
RIVERINE
LAKE
CONNE
CTED
INLAND
PROTECTED
(BERMED
0r DYKED)
TOTAL
St. Ciair River
Lake S
t. Cla
ir
Detroit River
Lake Erie
Lake Ontario
St. Lawrence River
89*
(221)
1,128
(2,788)
242
(600)
209
(516)
451
(1,114)
2,796
(6,910)
50
(123)
57
(141)
2,571
(6,353)
1,605
(3,965)
7,363
(18,195)
216
(534)
6,808
(16,824)
1
1
(28)
4
o
(98)
936
(2,313)
2,442
(6,035)
776
(1,917)
(15)
2,113
(5,221)
1,815
(4,484)
539
(1,333)
5,084
(12,563)
256
(633)
1,067
(2,637)
239
(590)
9
(23)
95
(236)
13,032
(32,203)
588
(1,454)
11,745
(29,023)
7,734
(19,110)
5,726
(14,148)
 
Tota]
 
4,915
(12,149)
 
4,283
(10,729)
 
7,579
(18,729)
6,808
(16,824)
  
4,205
(10,391)
 
4,473
(11,053)
 
6,655
(16,446)
 
38,920
(96,174)
 
*From: McCuiiough, 6.3. and F.G. Thornton.
1979.
Canadian NdeTife Service, London, Ontario.
**Area expressed in hectares; acres in parentheses.
Inventory of Ontario's Lower Great Lakes WetTands.
4.1 A. .;. .‘A 21.2. 0..."...
 Appendix 6
GREAT LAKES FILL OF NON—AQUATIC ORIGIN
REGULATIONS. GUIDELINES AND PRACTICES
For
the
pur
pos
es
of
this
rep
ort
, t
he
ter
m "
fiI
I"
wiI
I b
e t
ake
n t
o m
ean
501], rocks, sand, waste of any kind or any other materiaI which dispIaces
sci]
or
wat
er
or
red
uce
s w
ate
r r
ete
nti
on
pot
ent
iaI
who
se
ori
gin
bef
ore
aqu
ati
c
or
wet
Ian
d d
isp
osa
I w
as
non
—aq
uat
ic
or
Ian
d-b
ase
d (
i.e.
non
-dr
edg
ed
mat
eri
aI)
.
Whe
n f
iII
is
pIa
ced
in
the
con
nec
tin
g c
han
neI
s o
f t
he
Gre
at
Lak
es
the
re
may be adverse effects on rows, IeveIs and currents, with the effects on
Iev
eIs
ext
end
ing
to
the
ups
tre
am
Iak
e.
Art
icI
e
III
of
the
190
9 B
oun
dar
y
Wate
rs T
reat
y st
ates
that
"...
no f
urth
er o
r ot
her
uses
or o
bstr
ucti
ons
or
div
ers
ion
s,
whe
the
r t
emp
ora
ry
or
per
man
ent
of
bou
nda
ry
wat
ers
on
eit
her
sid
e
of t
he
Iine
, a
ffec
ting
the
natu
raI
Ieve
I or
row
of b
ound
ary
wate
rs o
n th
e
oth
er
sid
e
of
the
Iin
e
sha
II
be
mad
e
exc
ept
by
aut
hor
ity
of
the
Uni
ted
Sta
tes
or
the
Dom
ini
on
of
Can
ada
wit
hin
the
ir
res
pec
tiv
e j
uri
sdi
cti
ons
and
wit
h t
he
app
rov
aI,
as
her
ein
aft
er
pro
vid
ed,
of
a j
oin
t
com
mis
sio
n,
to
be
kno
wn
as
the
InternationaI Joint Commission...."
CANADA
 
FederaI Government
AIt
hou
gh
the
re
are
no
spe
cif
ic
reg
uIa
tio
ns
or
gui
deI
ine
s g
ove
rni
ng
the
dum
pin
g
of
fiI
I
int
o
the
Gre
at
Lak
es,
the
re
is
Ieg
isI
ati
on
whi
ch
can
be
use
d
to
reg
uIa
te
thi
s a
cti
vit
y.
AIs
o,
app
rov
aI
is
nee
ded
fro
m f
ish
ery
man
age
rs
before fiII is dumped into water.
Unde
r th
e Fe
dera
I F
ishe
ries
Act,
Sec.
31 (
1) H
armf
uI
aIte
rati
on e
tc.
of
fis
h h
abi
tat
...
"No
per
son
sha
II
car
ry
on
any
wor
k o
r u
nde
rta
kin
g t
hat
res
uIt
s
in t
he h
armf
uI
aIte
rati
on,
disr
upti
on o
r de
stru
ctio
n of
fish
habi
tat.
"
Sec
tio
n 3
3,
Inj
ury
to
Fis
hin
g G
rou
nd
and
PoI
Iut
ion
of
Wat
ers
:
"(2)
Dep
osi
t o
f d
eIe
ter
iou
s s
ubs
tan
ce
pro
hib
ite
d.
Sub
jec
t t
o s
ubs
ect
ion
(4)
,
no
per
son
sha
II
dep
osi
t
or
per
mit
the
dep
osi
t
of
a d
eIe
ter
iou
s
sub
sta
nce
of
any
typ
e i
n w
ate
r f
req
uen
ted
by
fis
h o
r i
n a
ny
pIa
ce
und
er
any
con
dit
ion
s w
her
e s
uch
dei
ete
rio
us
sub
sta
nce
tha
t r
esu
Its
fro
m t
he
dep
osi
t o
f s
uch
deI
ete
rio
us
sub
sta
nce
may
ent
er
any
such
wat
er.
"
"(4
) D
epo
sit
s a
uth
ori
zed
by
reg
uIa
tio
n.
No
per
son
con
tra
ven
es
sub
sec
tio
n
(2)
by d
epos
itin
g or
perm
itti
ng t
he d
epos
it i
n an
y wa
ter
or p
Iace
:
(a)
of
was
te
or
poI
Iut
ant
of
a t
ype
,
in
a q
uan
tit
y a
nd
und
er
con
dit
ion
s a
uth
ori
zed
by
reg
uIa
tio
ns
app
Iic
abI
e t
o t
hat
wat
er
or
pIa
ce
mad
e
by
the
Gov
ern
or
in
Cou
nci
I
und
er
any
Act
oth
er
tha
n
thi
s
Act; or
(b)
of
a d
eIe
ter
iou
s s
ubs
tan
ce
of
a c
Ias
s i
n a
qua
nti
ty
or
con
cen
tra
tio
n
and
und
er
con
dit
ion
s
aut
hor
ize
d
by
or
pur
sua
nt
to
reg
uIa
tio
ns
app
Iic
abI
e t
o t
hat
wat
er
or
pIa
ce
or
to
any
wor
k o
r
un
de
rt
ak
in
g
or
cI
as
s
th
er
eo
f,
ma
de
by
th
e
Go
ve
rn
or
in
Co
un
ci
I
un
de
r
subsection (13).”
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 "(1
3)
The
Gov
ern
or
in
Cou
nci
l m
ay
mak
e r
egu
lat
ion
s f
or
the
pur
pos
e o
f
paragraph (4) (b) prescribing:
(a)
the
del
ete
rio
us
sub
sta
nce
s
or
cla
sse
s t
her
eof
aut
hor
ize
d t
o b
e
deposited notwithstanding subsection (2)."
Sec
tio
n 3
3.1
(1)
Min
ist
er
may
req
uir
e p
lan
s a
nd
spe
cif
ica
tio
ns.
"Ev
ery
per
son
who
car
rie
s o
n o
r p
rop
ose
s t
o c
arr
y o
n a
ny
wor
k o
r u
nde
rta
kin
g t
hat
results or is likely to result in
(a)
the
dep
osi
t o
f a
del
ete
rio
us
sub
sta
nce
in
wat
er
fre
que
nte
d b
y
fis
h o
r i
n a
ny
pla
ce
und
er
any
con
dit
ion
s w
her
e t
hat
del
ete
rio
us
sub
sta
nce
or
any
oth
er
del
ete
rio
us
sub
sta
nce
tha
t r
esu
lts
fro
m t
he
dep
osi
t o
f t
hat
del
ete
rio
us
sub
sta
nce
may
ent
er
any
suc
h w
ate
r,
or
(b)
the
alt
era
tio
n,
dis
rup
tio
n o
r d
est
ruc
tio
n o
f f
ish
hab
ita
t,
sha
ll,
on
the
req
ues
t o
f t
he
Min
ist
er
or
wit
hou
t r
equ
est
in
the
man
ner
and
cir
cum
sta
nce
s p
res
cri
bed
by
reg
ula
tio
ns
mad
e u
nde
r p
ara
gra
ph
(3)
(a)
,
pro
vid
e t
he
Min
ist
er
wit
h s
uch
pla
ns,
spe
cif
ica
tio
ns,
stu
die
s,
pro
ced
ure
s,
sch
edu
les
,
ana
lys
es,
sam
ple
s o
r o
the
r i
nfo
rma
tio
n r
ela
tin
g t
o t
he
wor
k o
r
und
ert
aki
ng
and
wit
h s
uch
ana
lys
es,
sam
ple
s,
eva
lua
tio
ns,
stu
die
s o
r o
the
r
inf
orm
ati
on
rel
ati
ng
to
the
wat
er,
pla
ce
or
fis
h h
abi
tat
tha
t
is
or
is
lik
ely
to
be
aff
ect
ed
by
the
wor
k o
r u
nde
rta
kin
g a
s w
ill
ena
ble
the
Minister to determine
(c)
whe
the
r
the
re
is
or
is
lik
ely
to
be
a d
epo
sit
of
del
ete
rio
us
sub
sta
nce
by
rea
son
of
suc
h w
ork
or
und
ert
aki
ng
tha
t c
ons
tit
ute
s o
r
wou
ld
con
sti
tut
e a
n o
ffe
nce
und
er
sec
tio
n 3
3 a
nd
wha
t m
eas
ure
s,
if
any,
woul
d pr
even
t su
ch a
depo
sit
or m
itig
ate
the
effe
cts
ther
eof;
or
(d) whether the work or undertaking results or is likley to result in
any
alt
era
tio
n,
dis
rup
tio
n o
r d
est
ruc
tio
n o
f f
ish
hab
ita
t t
hat
constitutes or would constitute an offence under section 31 and what
mea
sur
es,
if
any,
wou
ld
pre
ven
t s
uch
a r
esu
lt
or
mit
iga
te
the
eff
ect
s
thereof".
Section 34 Regulations. The Governor in Council may make regulations
(a)
"fo
r t
he
pro
per
man
age
men
t a
nd
con
tro
l o
f t
he
sea
coa
st
and
inl
and
fisheries;
(b) respecting the conservation and protection of fish;
(h)
resp
ecti
ng
the
obst
ruct
ion
and
poll
utio
n of
any
wate
rs f
requ
ente
d
by fish;
(i) respecting the conservation and protection of spawning grounds
Under the Federal Migratory Birds Convention Act, Section 51:
"No
pers
on s
hall
plac
e,
caus
e to
be p
lace
d or
in a
ny m
anne
r pe
rmit
the
flow or entrance of oil, oil wastes or substances harmful to migratory
birds into or upon waters or upon the ice covering such waters."
.w
.
z
.
'
m
.
“
m
»
.
.
.
.
M
'
L
ﬂ
n
m
«
‘
u
.
W
-
.
.
.
.
M
»
.
,
.
.
b
‘
 
Whe
n
pro
ces
sin
g
fil
l
app
lic
ati
ons
und
er
the
Nav
iga
ble
Wat
ers
Pro
tec
tio
n
Act
(NN
PA)
,
the
Can
adi
an
Coa
st
Gua
rd
see
ks
rev
iew
fro
m t
he
Pro
vin
cia
l
and
Fed
era
l
Dep
art
men
ts
of
Env
iro
nme
nt
whe
n
amo
unt
s
of
fil
l
are
sig
nif
ica
nt
or
are
sus
pec
ted
of
bei
ng
con
tam
ina
ted
bef
ore
gra
nti
ng
app
rov
al.
Sin
ce
the
ear
ly
197
0's
a n
umb
er
of
lan
dfi
ll
dev
elo
pme
nts
hav
e
app
ear
ed
in
the
coa
sta
l
zon
e
of
Lak
e
Ont
ari
o.
The
mai
n
pur
pos
e
of
the
se
lan
dfi
lls
is
to
ext
end
rec
rea
tio
nal
opp
ort
uni
tie
s
in
are
as
pre
vio
usl
y
ina
cce
ssi
ble
to
the
pub
lic
.
In
a r
epo
rt
on
"Re
cre
ati
ona
l
Lan
dfi
lls
and
the
Lak
e
Ont
ari
o
Env
iro
nme
nt"
(Co
lli
ns
& B
oul
den
),
Env
iro
nme
nt
Can
ada
's
Env
iro
nme
nta
l
Pro
tec
tio
n
Ser
vic
e
(EP
S),
Ont
ari
o
Reg
ion
,
rec
omm
end
ed
tha
t:
-
pro
pos
ed
rec
rea
tio
nal
lan
dfi
lls
sho
uld
not
be
loc
ate
d
nea
r
sew
age
,
sto
rm
sew
ers
,
fil
ter
bac
kwa
sh
and
/or
ind
ust
ria
l
dis
cha
rge
s,
hea
ted
dis
cha
rge
s
and
riv
er
mou
ths
(wh
en
adv
ers
e
imp
act
s
hav
e
bee
n
identified);
-
tot
al
bod
y
con
tac
t w
ate
r
spo
rts
be
ban
ned
whe
re
the
Ont
ari
o
Min
ist
ry
of
the
Env
iro
nme
nt'
s
(MO
E)
Cri
ter
ia
for
Tot
al
Bod
y
Con
tac
t
Rec
rea
tio
n
are exceeded;
-
la
nd
fi
ll
pr
oj
ec
ts
th
at
wil
l
be
ex
po
se
d
to
wa
ve
at
ta
ck
du
ri
ng
th
e
dev
elo
pme
nt
sta
ges
sho
uld
be
adv
anc
ed
onl
y
dur
ing
the
lat
e
spr
ing
and
su
mm
er
mo
nt
hs
.
Du
ri
ng
th
e
wi
nt
er
th
e
ex
po
se
d
fa
ce
sh
ou
ld
ei
th
er
be
arm
our
ed
con
tin
uou
sly
fro
m t
he
sho
rel
ine
or
pro
tec
ted
beh
ind
sui
tab
ly
ar
mo
ur
ed
ha
rd
po
in
ts
.
Ha
rd
po
in
ts
or
ar
mo
ur
in
g
sh
ou
ld
be
co
mp
le
te
d
no later than the end of October;
-
to
con
tro
l
the
qua
lit
y
of
fil
l
use
d,
rep
res
ent
ati
ve
sam
ple
s
sho
uld
be
take
n wi
th r
espe
ct t
o ea
ch s
ourc
e of
fill
and
samp
led
for
bact
eria
,
org
ani
cs
and
hea
vy
met
als
.
The
sam
pli
ng
fre
que
ncy
cou
ld
pro
bab
ly
be
red
uce
d o
nce
the
pro
gra
m w
as
est
abl
ish
ed
and
cer
tai
n t
ren
ds
identified relative to particular sources of fill;
-
to
pre
ven
t t
he
ind
isc
rim
ina
te
dum
pin
g o
f g
arb
age
at
the
se
lan
dfi
lls
,
all
tru
cks
sho
uld
be
vis
ual
ly
ins
pec
ted
pri
or
to
dum
pin
g a
nd
the
sit
e
sho
uld
be
gat
ed
and
loc
ked
out
sid
e o
f n
orm
al
wor
kin
g h
our
s;
-
adja
cent
shor
es a
nd t
heir
susc
epti
bili
ty t
o er
osio
n sh
ould
be
tho
rou
ghl
y
ass
ess
ed
wit
h
res
pec
t
to
any
rec
rea
tio
nal
lan
dfi
ll
disposal.
Ontario
The
Con
ser
vat
ion
Aut
hor
iti
es
Act
all
ows
Con
ser
vat
ion
Aut
hor
iti
es
to
reg
ula
te
dev
elo
pme
nt
in
are
as
und
er
its
jur
isd
ict
ion
.
The
Act
ena
ble
s
authorities to:
1.
con
tro
l t
he
flo
w o
f s
urf
ace
wat
ers
in
ord
er
to
pre
ven
t f
loo
ds
or
pollution or to reduce the adverse effects thereof;
117
2.
mak
e r
egu
lat
ion
s p
roh
ibi
tin
g o
r r
egu
lat
ing
or
req
uir
ing
the
permission of the Authority for the construction of any building or
structure in or on a pond or swamp or in any area susceptible to
flooding during a regional storm, and defining regional storms for
the purposes of such regulations;
3. make regulations prohibiting or regulating or requiring the
permission of the Authority for the placing or dumping of fill of any
 
kind in any defined part of the area over which the Authority has
jurisdiction in which, in the opinion of the Authority, the control
of flooding or pollution or the conservation of land may be affected
by the placing or dumping of fill.
4. order a convicted person to remove illegally dumped fill.
The Ontario Ministry of the Environment (MOE) recommends that material for
use in recreational landfill should generally meet their Marine Construction
Guidelines for the open water disposal of dredged materials (see earlier
Appendix 3-A). Periodic visual inspection of loads, however, is generally the
only form of quality control at a landfill dumping site.
Another piece of legislation that could be used is "The Endangered Species
Act of 1971" which prohibits the destruction or interference with the habitat
of any species of fauna or flora declared to be threatened with extinction.
In addition, when filling activities are carried out by provincial ministries,
agencies and municipalities, they are subject to the Ontario Environmental
Assessment Act of 1975.
The Lakes and Rivers Improvement Act provides for the use of waters of the
lakes and rivers of Ontario and to regulate improvements in them. For
example, Sec. 36 (l) Prohibition against throwing refuse into lake or river,
etc. "No person shall throw, deposit or discharge, or permit the throwing,
depositing or discharging of, any refuse, sawdust, chemical, substance or
matter from any mill into a lake or river, or on the shores or banks thereof."
gives the Ministry of Natural Resources some control over filling. In
addition, Sec. 36 (3) enables the Minister to order an offender to remove such
refuse, sawdust, chemical, substance or matter from the water or shore.
Guidelines for assessing the Ministry of Natural Resources' projects are
presently being prepared as a document entitled Class Environmental Assessment
for Ontario Ministry of Natural Resources Activities concerned with water
related excavation and filling.
The Toronto Harbour Commission has been dumping fill into Lake Ontario
since the turn of the century, but only extended their activity into the open
waters of the lake in the 1950's. To put the scope of this activity into
pers
pect
ive,
the
Toro
nto
Harb
our
Comm
issi
on h
as f
ille
d 26
7.2
acre
s wi
th
18.3
6
x 106 yd3 of fill material (exclusive of main harbour channel dredging) from
1956 to 1977. As of November 1978, 4,300,000 truck loads of material have
been directed towards the development of 570 acres of port facilities and
waterfront parks (The Toronto Harbour Commission, 1978).
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The
Metr
o To
ront
o an
d Re
gion
Cons
erva
tion
Auth
orit
y (M
TRCA
) a
nd t
wo o
ther
con
ser
vat
ion
aut
hor
iti
es
on
Lak
e O
nta
rio
hav
e a
nno
unc
ed
and
/or
emb
ark
ed
upo
n
programs to create waterfront park land from fill material. Monitoring of
wat
er
and
sed
ime
nt
qua
lit
y h
as
bee
n c
arr
ied
out
at
the
MTR
CA
sit
es
and
to
a
less
er d
egre
e at
the
Toro
nto
Harb
our
Comm
issi
on s
ite,
with
almo
st n
o da
ta
available at the other two sites.
UNITED STATES
Federal Government
There were major filling activities in the past for industrial expansion
and
hou
sin
g c
ons
tru
cti
on.
Man
y o
f t
hes
e f
ill
ing
act
ivi
tie
s w
ere
int
o w
etl
and
s
adja
cent
to d
evel
oped
prop
erty
.
Ther
e is
pres
entl
y l
ittl
e fi
ll a
ctiv
ity
occu
rrin
g on
the
Unit
ed S
tate
s Gr
eat
Lake
s s
hore
line
. T
he a
reas
of m
ost
inte
nsiv
e ac
tivi
ties
are
alon
g La
ke S
t. C
lair
, t
he S
t.
Clai
r Ri
ver
and
the
Det
roi
t R
ive
r.
The
se
act
ivi
tie
s c
ons
ist
pri
mar
ily
of
fill
mat
eri
al
pla
ced
behi
nd b
ulkh
eads
for
shor
e er
osio
n pr
otec
tion
.
Sinc
e mo
st c
urre
nt
fill
ing
act
ivi
tie
s c
ons
ist
of
the
con
fin
ed
(i.e
. b
ehi
nd
bul
khe
ads
) p
lac
eme
nt
of
mate
rial
take
n fr
om a
reas
not
susp
ecte
d of
bein
g co
ntam
inat
ed,
test
ing
has
oft
en
not
bee
n r
equ
ire
d.
Tes
tin
g h
as,
how
eve
r,
bee
n r
equ
ire
d f
or
mat
eri
al
derived from suspect areas (industrial property) or when slag or similar
materials are used.
Fede
ral
regu
lati
ons
pert
aini
ng t
o fi
ll m
ater
ial
in t
he G
reat
Lake
s Ba
sin
are
in
Sec
tio
n 1
0 o
f t
he
Riv
er
and
Har
bor
s A
ct
of
189
9 w
hic
h r
equ
ire
s p
erm
its
for construction or fill in navigable waters and Section 404 of the Clean
Wat
er
Act
whi
ch
app
lie
s to
the
dis
cha
rge
of
fil
l m
ate
ria
l a
s w
ell
as
dre
dge
mat
eri
al
int
o t
he
wat
ers
of
the
Uni
ted
Sta
tes
.
The
Sec
tio
n 4
04
per
mit
pro
gra
m
is
cur
ren
tly
adm
ini
ste
red
by
the
U.S.
Arm
y C
orp
s o
f E
ngi
nee
rs.
Sec
tio
n 4
04
(g)
and
(h)
pro
vid
e t
hat
, u
pon
app
rov
al
by
the
Adm
ini
str
ato
r o
f E
PA,
a S
tat
e
may
adm
ini
ste
r
its
own
ind
ivi
dua
l
and
gen
era
l p
erm
it
pro
gra
m t
o c
ont
rol
discharges of dredged or fill material (Thronson 1979). Thus, fill material
is
tre
ate
d
in
a m
ann
er
sim
ila
r t
o d
red
ge
mat
eri
al
(se
e e
arl
ier
App
end
ix
3-8
for Pollutional Classification Guidelines).
The
Act
fur
the
r
aut
hor
ize
s
sta
tes
wit
h
app
rov
ed
sta
tew
ide
reg
ula
tor
y
prog
rams
unde
r Se
ctio
n 20
8 (b
) (4
) to
regu
late
some
disc
harg
es o
f dr
edge
d or
fil
l m
ate
ria
ls
thr
oug
h t
hos
e p
rog
ram
s
ins
tea
d o
f t
he
Sec
tio
n 4
04
per
mit
Pro
gra
m.
Act
ion
s r
egu
lat
ed
by
a s
tat
ewi
de
208
(b)
(4)
pro
gra
m m
ust
be
tho
se
whi
ch
EPA
has
des
ign
ate
d
as
app
lic
abl
e f
or
thi
s a
lte
rna
tiv
e m
eth
od
of
regu
lati
on
and
for
whic
h sp
ecif
ic B
est
Mana
geme
nt P
ract
ices
crit
eria
have
been
dev
elo
ped
by
the
Sta
te
and
app
rov
ed
by
EPA
.
Whe
re
the
use
has
bee
n a
lte
red
,
the flow or circulation impaired, or the reach of the water body reduced,
reg
ula
tio
n u
nde
r S
ect
ion
208
is
pre
clu
ded
.
Und
er
the
se
con
dit
ion
s,
Bes
t
Mana
geme
nt
Prac
tice
s mu
st b
e im
plem
ente
d un
der
the
404
perm
it p
rogr
am
(Sec
tion
404
(f)
(2)
.
"Be
st
Man
age
men
t
Pra
cti
ces
Gui
dan
ce,
Dis
cha
rge
of
Dre
dge
d o
r
Fill Material” (Thronson 1979) were developed to provide agencies with the
mos
t r
ead
ily
ava
ila
ble
gen
era
l
inf
orm
ati
on
on
how
adv
ers
e e
nvi
ron
men
tal
impacts resulting from discharges of dredged or fill materials can be
pre
ven
ted
,
or
min
imi
zed
(Th
ron
son
197
9).
"Be
st
Man
age
men
t P
rac
tic
es,
Sum
mar
y"
is reproduced in Attachment 1.
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In a
ddit
ion,
if t
he f
ill
mate
rial
shou
ld b
e a
haza
rdou
s wa
ste
as d
efin
ed
by t
he R
esou
rce
Cons
erva
tion
and
Reco
very
Act
of 1
976
(40
CFR
Part
s 26
0 an
d
261
),
the
mat
eri
al
mus
t b
e h
and
led
in
acc
ord
anc
e w
ith
the
reg
ula
tio
ns
contained in 40 CFR Parts 260 and 265 and Parts 122 to 124 (May 19, 1980).
The
se
reg
ula
tio
ns
wou
ld
pre
ven
t t
he
use
of
haz
ard
ous
was
te
as
a f
ill
mat
eri
al
by o
nly
allo
wing
disp
osal
of s
uch
mate
rial
in a
fede
rall
y pe
rmit
ted
haza
rdou
s
waste disposal facility.
Illinois
The State of Illinois' Lake Michigan shoreline has had a history of
sig
nif
ica
nt
fil
ls,
par
tic
ula
rly
alo
ng
the
Chi
cag
o l
ake
fro
nt.
In
rec
ent
yea
rs,
however, fills have been very minor in nature. Fill must not involve the
tak
ing
of
pub
lic
pro
per
ty
and
,
in
Ill
ino
is,
tit
le
to
the
Lak
e M
ich
iga
n b
ed
remains with the State.
The Division of Water Resources of the Illinois Department of
Tra
nsp
ort
ati
on
is
res
pon
sib
le
for
iss
uin
g p
erm
its
for
wor
k i
n a
nd
alo
ng
Lak
e
Michigan, pursuant to the Rivers, Lakes and Streams Act of 1911, as amended,
Ill
ino
is
Rev
ise
d S
tat
ute
s,
Cha
pte
r 1
9,
Sec
tio
n 6
5 (
sel
ect
ed
par
ts
are
reprinted in Attachment 2).
Presently, fills along the shoreland of Lake Michigan are for shore
pro
tec
tio
n p
urp
ose
s
and
gen
era
lly
con
sis
t o
f n
on-
pol
lut
ing
mat
eri
als
suc
h a
s
quar
ry s
tone
and
conc
rete
.
The
fill
mate
rial
s u
sed
shou
ld n
ot c
onta
in
any
mat
eri
als
suc
h
as
dir
t,
deb
ris
,
asp
hal
t
or
any
oth
er
mat
eri
als
whi
ch
cou
ld
be
harmful if washed into the lake. Any significant fills into Lake Michigan
req
uir
e
a c
hem
ica
l
ana
lys
is
to
mak
e
sur
e
tha
t
the
mat
eri
al
is
cle
an
and
doe
s
not contain any significant pollutants. Determination as to whether material
is
pol
lut
ed
inv
olv
es
rev
iew
by
the
Ill
ino
is
Env
iro
nme
nta
l
Pro
tec
tio
n
Age
ncy
which is generally consistent with the Federal EPA standards.
In
su
mm
ar
y,
th
e
on
ly
si
gn
if
ic
an
t
fi
ll
s
in
to
La
ke
Mi
ch
ig
an
ar
e
th
os
e
th
at
resu
lt f
rom
main
tena
nce
dred
ging
of c
lean
sand
.
If a
majo
r fi
ll
is p
ropo
sed
th
at
wo
ul
d
in
vo
lv
e
th
e
pl
ac
em
en
t
of
ma
te
ri
al
s
of
a
no
n-
aq
ua
ti
c
or
ig
in
in
to
Lake
Mich
igan
, i
t wo
uld
requ
ire
legi
slat
ive
appr
oval
by t
he I
llin
ois
Gene
ral
As
se
mb
ly
an
d
wo
ul
d
al
so
in
vo
lv
e
th
e
pr
ep
ar
at
io
n
of
a
de
ta
il
ed
en
vi
ro
nm
en
ta
l
impact statement.
Indiana
The filling of the Indiana waters of Lake Michigan has been uncontrolled
unt
il
re
ce
nt
ly
.
Pr
ac
ti
ca
ll
y
at
wil
l
sh
or
el
in
e
pr
op
er
ty
ow
ne
rs
,
pa
rt
ic
ul
ar
ly
industries, have been permitted to fill in the lake to make room for further
ex
pa
ns
io
n.
In
19
06
a
jo
in
t
re
so
lu
ti
on
of
Co
ng
re
ss
re
qu
ir
ed
Fe
de
ra
l
pe
rm
it
s
from the Secretary and Chief of Engineers of the Department of War to approve
th
e
pl
an
ne
d
ma
n-
ma
de
la
nd
s
pr
io
r
to
th
e
fi
ll
in
g
of
La
ke
Mi
ch
ig
an
by
ri
pa
ri
an
owners. These riparian owners were given the right to fill in submerged land
adj
ace
nt
to
and
wit
hin
the
wid
th
of
the
ir
sho
rel
ine
pro
per
ty
in
190
7.
The
man—made fills could not extend lakeward of the dock and harbor line as
est
abl
ish
ed
by
the
U.S
.
Arm
y
Cor
ps
of
Eng
ine
ers
(In
dia
na
Dep
art
men
t
of
Nat
ura
l
Resources, 1979).
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Realizing that the original Lake Michigan shoreline was vanishing, the
Indiana Department of Conservation Commission resolved in 1961 that, "in
principle it did not favor further encroachment by filling in upon the waters
and shores of the portions of Lake Michigan situated within the boundaries of
the State." Recognizing that the shoreline of Lake Michigan was indeed a
natural resource to be conserved and protected, the Indiana legislature
amended I.C. 4-18-13 to read, "the natural resources commission with the
approval of the governor of the state ma issue to such owner or owners
authority to fill in and improve such and." This 1973 amendment to the
man-made land authorization act significantly changed the state's permit
issuance responsibility from the previous mandatory shall to a discretionary
may (Indiana Department of Natural Resources, 1979). The Department of
Natural Resources would have specific objections to fills of any kind in
Indiana waters, unless it could be affirmatively demonstrated that this was
the only viable alternative.
Indiana law then prohibits the disposal of polluted materials into Lake
Michigan. The only standards by which the polluted nature of fill is judged
are those contained in the "Water Quality Standards; Specific Waters of the
State" as adopted by the Indiana Stream Pollution Control Board. The more
relevant portions of the standards are as follows: (more detailed and
quantified information can be found in the Regulation)
"Section 2 - Nondegradation Policies
(a) Harbor areas - For all waters of the contiguous harbor areas,
designated beneficial uses shall be maintained and protected."
"(c) National or State Resource Waters - All waters of high quality which
are designated by the Board to be outstanding National or State resources
shall be maintained in their present high quality without degradation.
Similarly, all waters incorporated by the Indiana Department of Natural
Resources into the Natural, Scenic and Recreational River Systems shall be
maintained in their present quality as well as those portions of Lake
Michigan incorporated in the Dunes National Lakeshore."
"Section 4 - Water Quality Standards
(a) Minimum Water Quality Conditions - All waters of Lake Michigan and
the contiguous areas at all times and all places, including the mixing
zone, shall meet the minimum conditions of being free from substances,
materials, floating debris, oil or scum attributable to municipal,
industrial, agricultural and other land use practices, or other
discharges....“
"(b) Minimum Water Quality Standards...to insure conditions necessary for
the maintenance of whole body contact recreation and a well-balanced fish
community. These standards are also sufficient to provide the protection
and propagation of shellfish and wildlife...."
A complete record of man-made fills in Lake Michigan is now available from
the State Department of Natural Resources' filesor up to 1979 in its
"Technical Report No. 304". There are now 10 permit holders along the Indiana
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 shoreline. Since the 1907 legislation approximately 6,515 acres of man-made
lands have been authorized, of which about 2,827 acres remain to be filled
and/or patented. Also, the Indiana Port Commission and the city of Whiting
filled 86 and one acres, respectively, without the need of a State permit
(Indiana Department of Natural Resources, 1979). While little information
exists concerning the source or nature of these fill materials, most are
thought to consist of slag materials produced by nearby steel mills.
Michigan
The Shorelands Protection and Management Act (Act 245, Public Acts of 1970
as amended by Act 270, Public Acts of 1974) regulates the placing of fill or
other earth changes within the boundaries of a designated environmental area
which are usually wetland areas with some limited uplands. It reads in part:
"(6) The following shoreland uses in an environmental area shall require a
permit from the department in accordance with these rules or from a local
governmental agency pursuant to an ordinance approved by the department.
(a) Dredging, filling, grading or other alterations of the soil....
(7) Farming of lands within the environmental area is allowed without a
permit if artificial draining, pumping, diking, dredging or filling are
not used...." (Michigan Department of Natural Resources, 1979, p. 33).
The Great Lakes Submerged Lands Act (Act 247, Public Acts of 1955, as
amended) was initially adopted by the State to halt filling of State-owned
Great Lakes bottomlands lying below the ordinary high water mark. Pertinent
parts of the Act read:
"Section 3 (a) After the effective date of this amendatory act of 1965, a
riparian owner shall obtain a permit from the department, for which no
charge shall be made, before dredging or placing spoil or other materials
on bottomland.
Section 5 (a) The department may permit, by lease or agreement, the
filling in of patented and unpatented submerged lands and permit
improvements and structures after finding that the public trust will not
be impaired or substantially injured." (MichiganDepartment of Natural
Resources, 1955).
Although the Solid Waste Management Act (Act 641, Public Acts of 1973)
does not regulate the actual filling of wetland areas; it does specify what
types of material may be used for fill. Uncontained fills must be of a clean,
inert nature. The type of containment for contaminated fills is dependent
upon the nature or classification of the contaminants (State of Michigan 79th
Legislature, 1978).
The Wetland Protection Act which is to take effect October 1, 1980 (State
of Michigan 80th Legislature, 1979) will regulate filling, dredging,
construction or draining of all wetland areas contiguous to the Great Lakes
through a permit process. Portions of the Act read:
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‘
1
"An
act
to p
rovi
de f
or t
he p
rese
rvat
ion,
mana
geme
nt,
prot
ecti
on
and
use
of
wetlands; to require permits to alter certain wetlands; to provide for a
plan
for
the
pres
erva
tion
, m
anag
emen
t, p
rote
ctio
n an
d us
e of
wetl
ands
; an
d
to provide remedies and penalties.
Section 1 (c) Fill material means soil, rocks, sand, waste of any kind or
any other material which displaces soil or water or reduces water
retention potential.
Section 5 - Except as otherwise provided by this act or by a permit
obta
ined
from
the
depa
rtme
nt u
nder
Sect
ions
7 to
12,
a pe
rson
shal
l no
t:
(a) Deposit or permit the placing of fill material in a wetland.
(b) Dredge, remove or permit the removal of soil or minerals from a
wetland.
(c) Construct, operate or maintain any use or development in a wetland.
(d) Drain surface water from a wetland."
Minnesota
The
Comm
issi
oner
of N
atur
al
Reso
urce
s is
auth
oriz
ed t
o pr
omul
gate
rule
s
and
ente
r in
to a
gree
ment
s wi
th
land
owne
rs f
or t
he c
onse
rvat
ion
of w
etla
nds.
Also, State law requires a permit from the DNR before any change or
obs
tru
cti
on
on
any
pub
lic
wat
er,
or
bef
ore
any
cha
nge
or
dim
inu
tio
n o
f t
he
cour
se,
curr
ent
or c
ross
-sec
tion
of a
ny p
ubli
c wa
ters
is m
ade
by a
ny m
eans
,
incl
udin
g bu
t no
t li
mite
d to
fill
ing,
exca
vati
ng o
r pl
acin
g of
any
mate
rial
s
in o
r on
the
beds
of p
ubli
c wa
ters
(Min
neso
ta S
tat.
105.
42 O
ffic
e of
Coas
tal
Zone Management, 1978).
The Shoreland Management Act, Minnesota Stat. 105.485 states that it is in
the
pub
lic
int
ere
st
to
pro
vid
e g
uid
anc
e f
or
the
wis
e d
eve
lop
men
t o
f s
hor
ela
nds
of public waters and thus preserve and enhance the quality of surface waters,
pre
ser
ve
the
eco
nom
ic
and
nat
ura
l e
nvi
ron
men
tal
val
ues
of
sho
rel
and
s
and
provide the wise utilization of water and related land resources. All
cou
nti
es
and
mun
ici
pal
iti
es
are
req
uir
ed
to
ado
pt
sho
rel
ine
man
age
men
t
ordinances, which meet statewide standards, established by the DNR and
gov
ern
ing
the
pla
cem
ent
of
str
uct
ure
s,
lot
siz
es,
lan
d
use
s,
etc
.
(Un
der
Minnesota Statutes 112.34 - 112.86, Office of Coastal Zone Management, 1978)
(Attachment 3).
The Minnesota Water Resources Board can establish watershed districts for
con
ser
vat
ion
pur
pos
es
suc
h a
s r
ecl
aim
ing
or
fil
lin
g w
et
and
ove
rfl
owe
d
lan
d
and regulating improvements byriparian owners of beds, banks and shores of
lak
es,
str
eam
s
and
mar
she
s
by
per
mit
or
oth
erw
ise
in
ord
er
to
pre
ser
ve
the
same for beneficial use (Office of Coastal Zone Management, 1978).
The
Min
nes
ota
Env
iro
nme
nta
l
Pol
icy
Act
(Mi
nne
sot
a S
tat
. 1
160
-01
-
1160-107) states that all practical means should be used to reduce the
del
ete
rio
us
imp
act
on
wat
er
qua
lit
y f
rom
all
sou
rce
s (
Off
ice
of
Coa
sta
l Z
one
Management, 1978).
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 Waste materials which are explosive, flammable, irritative, corrosive,
oxidative or toxic by the criteria established in the Minnesota Hazardous
Waste Rules (6 MCAR § 4.9001 - 4.9010) are hazardous wastes, and must be
disposed of in facilities permitted to receive hazardous wastes. In addition,
the Hazardous Waste Rules provide that if a waste contains more than specified
concentrations of certain carcinogenic compounds (List 1 in 6 MCAR § 4.9002)
or if leachate from the waste contains more than specified concentrations of
certain bioaccumulative compounds (List 2 in 6 MCAR § 4.9002), it is a
hazardous waste and must be managed as such.
Non-hazardous solid wastes are regulated by the Minnesota Pollution
Control Agency (MPCA) under State Statutes Chapter 115 and State Rules, SN 1
through 12 and must be disposed of in a manner approved by the MPCA.
Putrescible materials must be disposed of in a sanitary landfill. Disposal of
all demolition debris and fly ash must be at sites approved by permit or
letter of approval in accordance with plans and specifications which have been
reviewed and approved specifically for a project. Disposal demolition or
construction projects (earth, rocks, stones, trees, bituminous surfacing,
concrete, bricks, lumber, plaster, metals, glass and plastic building parts)
in permitted sanitary landfills is not recommended. However, the MPCA does
regulate these materials, and approved sites for disposal must be used for
such materials. Sewage sludgemay be disposed of by land application, but
only in accordance with MPCA guidelines for disposal of sewage sludge.
The discharge of excavated or dredged materials is regulated by MPCA
permits issued under State Statutes Chapter 115 and/or when federal permits
are required, Section 401 Certification authority under the Clean Water Act of
1977. Each project must be evaluated on an individual and site specific
basis. Generally, upland or confined disposal of dredged or excavated
material would be considered approvable. Open water disposal of any material
is not normally permitted but may be considered in exceptional cases where
there may be a beneficial purpose. Where dredged materials have a potential
of being contaminated, sampling of the materials may be required prior to its
use. Specific analyses must be determined and evaluated on a site specific
basis before disposal decisions can be made.
New York
1
Under the Protection of Waters Program, the New York Department of
Environmental Conservation (DEC) requires permits for: changes,
modifications, or disturbances to beds or banks of protected streams;
excavations or fills in naviagable waters; the construction, reconstruction or
major repair of sizeable dams and docks; and the removal, replacement or
repair of illegal or unsafe structures, fills or excavations. Recently, DEC
and the Buffalo District Corps of Engineers developed a joint application for
the discharge of fill material into navigable bodies of water. The DEC
strategy is to extend the joint application agreement to include the remaining
Egvg)Corps Districts having jurisidiction in New York State (NYS/U.S. EPA
wA
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Th
e
Fr
es
hw
at
er
We
tl
an
ds
Ac
t
pr
ov
id
es
fo
r
th
e
re
gu
la
ti
on
of
al
l
Fr
es
hw
at
er
We
tl
an
ds
in
th
e
St
at
e
ov
er
12
.4
ac
re
s
(5
he
ct
ar
es
)
in
si
ze
,
as
we
ll
as
sm
al
le
r
we
tl
an
ds
de
em
ed
by
DE
C
to
be
of
un
us
ua
l
lo
ca
l
im
po
rt
an
ce
.
Ac
ti
vi
ti
es
on
ad
ja
ce
nt
ar
ea
s
wi
th
in
10
0
fe
et
of
th
e
re
gu
la
ti
ve
bo
un
da
ry
of
th
e
we
tl
an
d
ar
e
al
so
re
gu
la
te
d.
An
in
te
ri
m
pe
rm
it
pr
og
ra
m
we
nt
in
to
ef
fe
ct
in
Se
pt
em
be
r
19
75
an
d
st
at
es
th
at
no
on
e
ma
y
co
nd
uc
t
a
re
gu
la
te
d
ac
ti
vi
ty
(s
uc
h
as
dr
ed
gi
ng
,
fi
ll
in
g
or
po
ll
ut
in
g)
in
a
we
tl
an
d
wi
th
ou
t
ob
ta
in
in
g
an
in
te
ri
m
pe
rm
it
.
DE
C
de
te
rm
in
es
wh
et
he
r
or
no
t
a
pa
rt
ic
ul
ar
ar
ea
is
a
we
tl
an
d
su
bj
ec
t
to
re
gu
la
ti
on
.
Pe
rm
it
s
ar
e
gr
an
te
d
on
ly
if
th
e
ap
pl
ic
an
t
ca
n
de
mo
ns
tr
at
e
th
at
a
ha
rd
sh
ip
wo
ul
d
be
su
ff
er
ed
wi
th
ou
t
th
e
pe
rm
it
(N
YS
/U
.S
.
EP
A
19
79
).
A
pe
rm
an
en
t
re
gu
la
to
ry
pr
og
ra
m
go
es
in
to
ef
fe
ct
as
a
we
tl
an
ds
in
ve
nt
or
y
is
co
mp
le
te
d
an
d
re
gu
la
to
ry
ma
ps
ar
e
ap
pr
ov
ed
.
Ea
ch
lo
ca
l
go
ve
rn
me
nt
ma
y
ad
op
t
a
we
tl
an
ds
pr
ot
ec
ti
on
la
w
at
le
as
t
as
re
st
ri
ct
iv
e
as
th
e
st
at
e
la
w
an
d
re
gu
la
te
we
tl
an
ds
wi
th
in
it
s
bo
un
da
ri
es
,
wi
th
DE
C
pr
ov
id
in
g
te
ch
ni
ca
l
as
si
st
an
ce
an
d
pe
rf
or
mi
ng
mo
ni
to
ri
ng
ac
ti
vi
ti
es
to
en
su
re
co
mp
li
an
ce
wi
th
th
e
st
at
e
la
w.
On
e
of
th
e
pr
og
ra
m
st
ra
te
gi
es
is
to
el
im
in
at
e
th
ro
ug
h
th
e
pe
rm
it
pr
oc
es
s,
to
a
pr
ac
ti
ca
l
de
gr
ee
,
th
e
hu
ma
n—
in
du
ce
d
lo
ss
of
we
tl
an
ds
(N
YS
/U
.S
.
EP
A
19
79
).
Ohio
Th
e
St
at
e
al
lo
ws
on
ly
cl
ea
n
ma
te
ri
al
to
be
us
ed
as
fi
ll
in
it
s
wa
te
rs
as
un
de
r
Se
ct
io
n
40
1
Wa
te
r
Qu
al
it
y
Ce
rt
if
ic
at
io
n
re
vi
ew
.
Al
so
,
th
e
Oh
io
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
ad
mi
ni
st
er
s
th
e
St
re
am
Li
tt
er
La
w,
OR
C
15
31
.1
3.
1
wh
ic
h
co
nt
ro
ls
du
mp
in
g
of
tr
as
h
in
to
St
at
e
wa
te
rs
an
d
ca
n
be
us
ed
to
co
nt
ro
l
so
me
fi
ll
ac
ti
vi
ti
es
al
on
g
La
ke
Er
ie
.
Fi
ll
ac
ti
vi
ty
of
no
n-
aq
ua
ti
c
or
ig
in
th
ro
ug
h
Co
rp
s
of
En
gi
ne
er
s'
pe
rm
it
fo
r
Oh
io
's
La
ke
Er
ie
sh
or
el
in
e
ar
e
as
fo
ll
ow
s
fo
r
19
79
:
Up
la
nd
bo
rr
ow
(e
ar
th
en
)
52
,8
27
yd
3/
41
.3
%
Ri
p-
ra
p
39
,8
05
yd
3/
31
.Z
%
Gr
an
ul
ar
(s
to
ne
,
sa
nd
,
gr
av
el
)
30
,9
29
yd
3/
24
.2
%
Br
ok
en
co
nc
re
te
4,
22
5
yd
3/
3.
3%
Total 127,786 yd3
Pennsylvania
The
Dep
art
men
t
of
Env
iro
nme
nta
l
Res
our
ces
rul
es
and
reg
ula
tio
ns
rel
ati
ng
to
th
e
pr
ot
ec
ti
on
of
na
tu
ra
l
re
so
ur
ce
s
wo
ul
d
ap
pl
y
to
co
nt
ro
l
th
e
pl
ac
em
en
t
of
non
-aq
uat
ic
fil
l
in
Lak
e
Eri
e
and
its
tri
but
ari
es.
Rel
eva
nt
par
ts
of
the
se
se
ts
of
cr
it
er
ia
ar
e
Ch
ap
te
r
93
,
Wa
te
r
Qu
al
it
y
St
an
da
rd
s
wh
ic
h
st
at
es
:
"9
3.
6
-
Ge
ne
ra
l
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
(a)
Wa
te
r
sh
al
l
no
t
co
nt
ai
n
su
bs
ta
nc
es
at
tr
ib
ut
ab
le
to
po
in
t
or
no
np
oi
nt
so
ur
ce
wa
st
e
di
sc
ha
rg
es
in
co
nc
en
tr
at
io
n
or
am
ou
nt
s
su
ff
ic
ie
nt
to
be
in
im
ic
al
or
ha
rm
fu
l
to
th
e
wa
te
r
us
es
to
be
pr
ot
ec
te
d
or
to
hu
ma
n,
an
im
al
,
plant or aquatic life.
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 (b) Specific substances to be controlled shall include, but shall not be
limited to, floating debris, oil, grease, scum and other floating
materials, toxic substances, pesticides, chlorinated hydrocarbons,
carcinogenic, mutagenic and teratogenic materials and substances which
produce color, tastes, odors, turbidity or settle to form deposits."
(Pennsylvania Department of Environmental Resources, 1979, p. 3053).
More detailed information on specific water quality criteria is also
available from the above referenced legislation.
Also, Chapter 105, Water Obstructions and Encroachments, Subchapter F -
Fills, Levees, Floodwalls and Streambank Retaining Devices pertains directly
to filling and is reproduced in Attachment 4. An attempt is presently being
made to revise Subchapter F which would provide for protection of wetlands and
would provide further control over filling under Pennsylvania's Coastal Zone
Management Program.
Filling in Pennsylvania's portion of Lake Erie has recently been almost
non-existent. The only project worthy of mention has been the development of
a new basin at the mouth of Presque Isle Harbor, sponsored by the U.S. Army
Corps of Engineers. There is presently no information available to the State
on the quantity and quality, or the general location of the source and
disposal of fill.
Wisconsin
Disposal of fill is regulated in Wisconsin in the same manner in which
dredged material disposal is regulated. The same Statutes apply and these do
not discriminate on the basis of material origin. It is the act of placement
and disposal that is regulated. Water Regulatory Permits under Chapter 30,
Section 30.12 of the Wisconsin Statutes prohibits fills and deposits on the
bed of any navigable water. There is no permit provision for material
deposits on the bed of any navigable body of water. Permits, however, are
issued under 30.12 for placing structures, sand blankets, fish cribs, or
rip-rap in navigable waters (Wisconsin Coastal Management Program, 1979).
CONCLUSIONS
Most jurisdictions and agencies do not have specific regulations or
uidelines governing the dumping of non-aquatic fill into the Great Lakes and
heir tributaries. In most cases, however, legislation does exist which could
be used or interpreted to regulate such dumping. In general, the same laws
that regulate disposal of dredged material regulate diSposal of fill of
non-aquatic origin.
There is a paucity of information on the quality and quantity of fill and
the location of its source and disposal sites. Some of the fill quality
problems are the result of indiscriminate garbage dumping which is compounded
by the usual ease of site access. It is believed that fill losses to the lake
affect water quality in a manner similar to that of the open water disposal of
dredged material when quality of material is taken into account. Whereas the
open water disposal of dredged material has recently received much attention
and such activity is now carefully scrutinized, filling operations generally
receive much less attention.
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ATTACHMENT 1
BEST MANAGEMENT PRACTICES, SUMMARY*
Best
Mana
geme
nt P
ract
ices
for
prev
enti
ng e
nvir
onme
ntal
impa
cts
from
the
disc
harg
e of
dred
ged
or f
ill
mate
rial
s i
nto
wate
rs o
f th
e Un
ited
Stat
es
are,
to a
larg
e ex
tent
, t
echn
ical
ly f
easi
ble
and
avai
labl
e.
Afte
r al
l al
tern
ativ
es
to a
proj
ect
have
been
eval
uate
d,
base
d up
on 4
04
(b)
(1)
guid
elin
es,
and
the
dec
isi
on
has
bee
n m
ade
tha
t t
he
dis
cha
rge
or
pla
cem
ent
of
dre
dge
d o
r f
ill
mate
rial
is t
o be
cond
ucte
d,
effe
ctiv
e pr
oced
ures
, m
easu
res
and
prac
tice
s fo
r
prev
enti
ng
envi
ronm
enta
l p
robl
ems
can
be d
evis
ed a
nd i
mple
ment
ed.
They
invo
lve
prac
tica
l e
ngin
eeri
ng
desi
gns,
stru
ctur
es,
proc
edur
es,
and
sche
dule
s
for
ope
rat
ion
s a
dap
ted
fro
m t
hos
e t
hat
hav
e b
een
dev
elo
ped
and
use
d f
or
man
y
year
s to
cont
rol
surf
ace
or s
ubsu
rfac
e fl
ows
of w
ater
, p
reve
nt t
he l
oss
of
mat
eri
als
fro
m a
sit
e a
rea,
and
pro
vid
e f
or
the
pro
tec
tio
n a
nd
pro
pag
ati
on
of
fish
, sh
ellf
ish
and
wild
life
.
The
spec
ific
char
acte
rist
ics
of t
he s
ite
must
be
eva
lua
ted
and
con
sid
ere
d c
rit
ica
lly
bef
ore
fin
ali
zin
g B
MP'
s t
o b
e a
ppl
ied
or used.
Sin
ce
man
y o
f t
he
env
iro
nme
nta
l c
onc
ern
s w
e h
ave
now
wer
e n
ot
of
vita
l
inte
rest
duri
ng t
he c
ondu
ct o
f pa
st e
ngin
eeri
ng
proj
ects
, ma
ny o
f th
e ex
isti
ng
tech
niqu
es a
nd s
truc
ture
s ar
e in
adeq
uate
for
envi
ronm
enta
l p
rote
ctio
n or
crea
te,
rath
er t
han
prev
ent,
such
prob
lems
.
In v
iew
of t
his,
modi
fica
tion
of
the
des
ign
of
man
y s
tru
ctu
res
and
the
pro
ced
ure
s f
or
the
ir
pla
cem
ent
or
con
str
uct
ion
are
ess
ent
ial
to
rev
ers
e t
his
tre
nd
and
pro
tec
t t
he
env
iro
nme
nt
rather than damage it.
Envi
ronm
enta
l p
robl
ems
that
coul
d re
sult
from
the
disc
harg
e of
dred
ged
or
fill materials into streams, estuaries, lakes or wetlands can be prevented or
minimized through implementation of effective Best Management Practices.
Desc
ript
ions
, d
iscu
ssio
ns
and
exam
ples
of B
MP's
are
pres
ente
d in
the
foll
owin
g
five chapters of this guidance document. They include, but are not limited to
oper
atin
g pr
oced
ures
, s
ched
ulin
g of
acti
viti
es o
r ma
nage
ment
prac
tice
s wh
ich
can be conducted or applied to ensure that: 1) stream or current flow changes
are not adversely affected; 2) increased sediment loads or turbidity levels
are effectively reduced and 3) other pollutants included with dredged or fill
materials are restricted from entering water bodies. BMP's may also involve:
4) protecting existing habitat and providing for fish and wildlife propagation
and 5) the relocation, reconstruction or enhancement of an area of wetlands or
a stream if a significant portion of the water body will be affected and no
other alternative exists.
*From Thronson, R. E. Best Management Practices Guidance, Discharge of Dredged
or Fill Materials, U.S. Environmental Protection Agency, Washington, D.C.,
eptem er
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Best Management Practices involving singular minor discharges of dredged
or fill materials with relatively insignificant impacts on the aquatic
envi
ronm
ent
are
simi
lar
to t
hose
need
ed f
or m
ajor
disc
harg
es w
ith
sign
ific
ant
impacts. They are much less elaborate and expensive, however, and generally
require no formal design or rigid application specifications. It must be
emphasized here that the results desired with regard to the protection of the
chem
ical
, b
iolo
gica
l a
nd p
hysi
cal
inte
grit
y of
our
Nati
on's
wate
rs a
re t
he
same with either large or small discharges.
Preventing Impairment of Water Flow or Ciculation
Masses of dredged or fill materials placed (or discharged) into streams,
lakes or wetlands can impair the natural movement or circulation of water.
The degree of impairment will depend upon the volume, permeability and
location of the material that is discharged where it can reduce the cross
sectional area through which the water flows. This applies to the subsurface
flow of water as well as to surface movement. A permit for discharge may be
required in accordance with Section 404 if flow or circulation will be
impaired and the BMP's implemented as a requirement of this program.
There are several ways to reduce or prevent the impairment of circulation
or f
low.
They
invo
lve
one
or m
ore
of t
he f
ollo
wing
basi
c te
chni
ques
rega
rdin
g
discharge or placement of dredged or fill materials:
1. Minimizing the extent of individual fills or the concentration or
number of fills.
2. Providing continuous open channels through, or around, masses of
materials parallel to natural flow directions.
3.
Usi
ng
alt
ern
ate
sec
tio
ns
of
imp
erv
iou
s f
ill
wit
h p
erv
iou
s
sec
tio
ns
or
open structures to permit free flow of water.
4. Designing channel - spanning structures:
a.
To
pas
s
flo
od
flo
ws
wit
h
no
sig
nif
ica
nt
adv
ers
e
imp
act
s
fro
m
flow restriction.
b. To minimize debris or other blockage which can obstruct flow.
c.
In
acc
ord
anc
e w
ith
ups
tre
am
and
dow
nst
rea
m
hyd
rau
lic
flo
w
conditions (do not cause drastic changes in flow regime).
5.
Ali
gni
ng
bri
dge
s,
cul
ver
ts
and
oth
er
str
uct
ure
s t
o l
imi
t a
dve
rse
impacts from flow disruption resulting from abutments or other fills.
Pre
ven
tin
g o
r C
ont
rol
lin
g t
he
Run
off
of
Exc
ess
Sed
ime
nt
Loa
ds
or
Tur
bid
ity
Increases
Exce
ss s
edim
ent
load
s or
turb
idit
y in
crea
ses
can
occu
r as
a re
sult
of t
he
placement of dredged or fill materials into water bodies and wetlands. The
erosion and transportation of particulates can take place during the actual
placement of the dredged and fill materials if no preventive measures such as
cofferdams, caissons, filter cloth fences or other preventive devices or
proc
edur
es
are
used
. T
o pr
even
t i
n-pl
ace
or c
ompl
eted
dred
ged
or f
ill
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from being subjected to the erosive forces of high velocity surface
flows, effective
surface protection measures
such as rip rap blankets
(or
layers),
concrete walls and similar measures should be provided.
The erosion
and transport of sediments can be minimized or prevented
by one or more of the
following measures or practices:
1.
Placing materials on dry land by scheduling
operations during low
flows,
using
structures
to
exclude
the
water
or
by temporarily
diverting the stream from the site.
2.
Protecting slopes that will be subject to erosion by surface flows
with erosion resisting coverings such
as vegetation,
rip rap blankets
(with
or
without
underlying
filters),
gabions,
retaining
walls,
aprons, wing walls and similar measures.
3.
Designing bridge-supporting members such as piers,
piles, etc.,
to
minimize scour.
4.
Providing filter cloth or some other type of filtering media to
remove
sediment being transported from an area of placement.
5.
Avoiding placement of dredged or fill material during conditions that
may be critical
for sensitive aquatic
life and wildlife such as
spawning seasons or migration times.
6.
Using placement procedures to prevent or restrict the movement of
mobile equipment in the water.
Equipment used should be that having
the least damaging effect on ground conditions.
Extreme care should be taken during the planning, design and placement of
a fill to ensure that structural failure does not occur during the project
life to allow the material to enter a water body or adjacent wetland.
Adequate criteria should establish the factors of safety to be used in the
design and placement. Adequate and continuing processes will be necessary to
assure that conditions are maintained.
Ensuring Containment of Potential Pollutants within the Discharged Mass of
Dredged or Fill Materials
At times dredged or fill materials placed or discharged into streams,
lakes, wetlands or other water bodies may contain natural materials such as
iron sulfide (pyrite), calcium sulfate (gypsum) and various salts.
These
materials are not pollutants in their source areas but can become pollutants
when transported into and deposited in another environment. If polluted
materials can be effectively contained by effective BMP's and prevented from
affecting water quality, their discharge should not be precluded only because
of their quality. Effective containment within the mass of materials is
essential for use. It can be done by:
1. Surrounding the poor quality material during placement with walls and
blankets of relatively impervious materials such as compacted fill,
concrete or similar materials. Drain blankets for pumpout of fluid
may be desirable.
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Restricting the use of poor quality materials to areas above high
water elevations and capping them with relatively impervious blankets
of fill to prevent infiltration of rainfall and subsequent leaching.
3. Blending poor quality materials such as pyrite with naturally
occurring neutralizing materials such as crushed limestone during
placement.
Protecting Habitat and Providing for Fish and Wildlife Propagation
The disposal of dredged or fill materials into water bodies or wetlands
can cause detrimental changes to occur in the habitat for fish and wildlife,
particularly in the immediate locality of the discharge. Migration routes or
access to select food sources can be blocked or restricted, fish spawning
areas destroyed or propagation activities interfered with and key ecological
relationships and interdependencies disturbed.
Best Management Practices for mitigating or preventing these environmental
problems can involve scheduling of operations to avoid creating problems
during conditions that are critical for aquatic and other wildlife. This
could include spawning, migration, nesting and other periods where the effects
of discharge activities could be much more critical than during other times.
Other practices may involve the proper management of activities as well as the
modification or construction of structures and techniques to offset terrain
changes, water level and flow alterations and revision in the natural physical
or biologic integrity of the water bodies and wetlands due to the discharge.
They could include: ~
1. Creating avenues for movement of aquatic life and wildlife through
structures formed of dredged or fill materials.
2. Providing protective devices for wildlife encountering or crossing
structures formed of dredged or fill materials.
3. Creating necessary habitat improvement measures.
Enha
ncem
ent,
Repl
acem
ent,
Relo
cati
on
or R
econ
stru
ctio
n of
Exis
ting
Envi
ronm
ent
If, after evaluating all alternatives, the placement of dredged or fill
materials into wetlands or other water bodies is justified and other available
Best Management Practices will not effectively prevent adverseeffects,
enhancement or replacement of the existing environment may be feasible. This
must receive consideration if a significant percentage of the water body
becomes dry land due to the discharge and/or placement of materials.
Practices may include:
1. Creating and maintaining additional wetlands equivalent in
productivity to those destroyed by the discharged deposits.
2. Providing shallow or deep water areas equivalent to those destroyed
by the placement of materials for the maintenance of aquatic life and
other wildlife.
Pr
ov
id
in
g
fo
r
th
e
re
io
ca
ti
on
or
re
pl
ac
em
en
t
of
st
re
am
s
th
at
ha
ve
be
en
de
si
gn
ed
an
d
co
ns
tr
uc
te
d
to
fu
nc
ti
on
un
de
r
or
ig
in
a]
gr
ad
ie
nt
,
hy
dr
au
ii
c
an
d
aq
ua
ti
c
ha
bi
ta
t
co
nd
it
io
ns
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g
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rf,
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doT
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boo
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buT
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at
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e
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on
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T
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Po
IT
ut
io
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Co
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T
Bo
ar
d,
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d
no
su
ch
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rm
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is vaIid without such concurrence.
No
th
in
g
he
re
in
sh
aI
T
be
co
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tr
ue
d
to
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th
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e
th
e
di
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e
or
ot
he
r
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n
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ma
te
ri
aT
s
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y
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in
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La
ke
Mi
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ig
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th
ou
t
fi
rs
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obt
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a p
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d
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e
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ib
it
ed
by
th
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Se
ct
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n
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I
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bui
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the
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d
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e
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t
ma
y
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,
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e
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y
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h r
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Tat
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men
t,
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tri
cti
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, o
r r
ent
ais
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uir
e
an
d
co
mp
eT
su
ch
ch
an
ge
s,
mo
di
fi
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ti
on
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d
re
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ir
s
as
ar
e
ne
ce
ss
ar
y
to
pr
ot
ec
t
the interest of the State.
135
 
 The Department of Transportation may grant, subject to the foregoing
provisions of this Section, a permit to any person, firm or corporation, not a
riparian owner, to use the water from any of the public bodies of water within
the State of Illinois for industrial manufacturing or public utility purposes,
and to construct the necessary intakes, structures, tunnels, and conduits in,
under, or on the beds of such bodies of water to obtain the use of such water
or to return the same, provided, however, that such use shall not interfere
with navigation. Such permit shall be for a definite period of years and
exceeding 40 years and may be renewed subject to the same time limitation. If
the water so to be used is to be taken from a lake or stream located in or
adjoining any municipality, such permit shall not become effective until
approved by the Commissioner of Public Works of such municipality, or if it
has no Commissioner of Public Works, by the Public (or City) Engineer, or if
it has no such Engineer, by the Mayor or President of the Municipality.
Subject to the notice and hearing hereinafter provided for, where a permit
is sought for a structure, fill, or deposit in a slip, the Department shall
require as condition precedent to the issuance of such permit, a signed
statement approving such action by all riparian owners whose access to public
waters will be directly affected by such structure, fill, or deposit. No such
permit shall be issued without the approval of the Governor and without a
public hearing, 10 days' notice of the time, place, and purpose of which is
published in a newspaper of general circulation in the county in which such
slip is located. Whenever a permit to fill or deposit in a slip is issued,
all work done pursuant to the permit is by authorization and under the
direction of the Department of Transportation. If deemed in the public
interest, the Department of Transportation may, for the purpose of
establishing uniform shore lines upon Lake Michigan or other streams or lakes
of this State, permit fills of rock, earth or sand to be placed inside a
bulkhead, wall or breakwater so constructed as not to permit the escape of
such materials into Lake Michigan or any such lake, river, or stream, and the
Department is authorized to require of applicants for such permits such
contracts or to impose such restrictions as shall fully protect the interests
of the State.
However,
the Department may permit the placing of unconfined
fills or deposits of clear sand rock or other material approved by the
Department in or along the shores of Lake Michigan or in, or along the shores
of, other streams or lakes of this State for the purpose of replacing or
augmenting the natural material in the littoral currents, for creating new
beaches or for replenishing existing beaches, for the protection of the shore
against erosion or for other lawful purposes specifically authorized by
statute; and the Department may permit the deposit of dredged material in Lake
Michigan only where the Department determines that the deposit or deposits of
dredged material will not cause water pollution as defined in Environmental
Protection Act.
The restriction as to the deposit of dredged materials shall
not apply to any reclamation of fill-in of Lake Michigan under the authority
of any statute now or hereafter in effect or under the supervision of any park
district or municipality where such materials are placed inside a bulkhead,
wall or breakwater so constructed as not to permit the escape of such
materials into Lake Michigan.
Wherever the terms public waters, public bodies of water, or streams and
lakes are used or referred to in this Act, they mean all open public streams
and lakes capable of being navigated by water craft, in whole or in part, for
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m
u
s
a
m
m
a
w
’
.
«
—
comm
erci
al
uses
and
purp
oses
, a
nd a
ll l
akes
, r
iver
s,
and
stre
ams
whic
h in
their natural condition were capable of being improved and made navigable, or
that are connected with or discharged their waters into navigable lakes or
rivers, within, or upon the borders of the State of Illinois, together with
all bayous, sloughs, backwater, and submerged lands that are open to the main
channel or body of water and directly accessible thereto. Nothing herein
contained applies to a harbor under the jurisdiction and control of a park
district, nor to any existing yacht club facilities, improvements thereon and
replacements thereof whether in the same or a new location. Nothing herein
contained applies to the location of any harbor under the jurisdiction and
control of any city or village of less than 500,000 population. Amended by
P.A. 77-2329, § 1, eff. Jan. 1, 1973; P.A. 78—255, 5 61, eff. Oct. 1, 1973.
65c — Agreements for building of harbor or mooring facilities - § 18C
The Department of Transportation, may also, upon the issuance of a permit
under the provisions of Section 18 of this Act,1 enter into an agreement
with anyperson, firm or corporation to whom such permit is issued, by the
terms of which agreement such person, firm, or corporation, may build or place
in, upon or below the bed of that portion of Chicago Harbor in Lake Michigan
lying South of the Chicago River Entrance, West of the U.S. Inner Breakwater,
North of East 11th Place extended and East of the Harbor Line established by
the Secretary of War in Lake Michigan, May 3, 1940, any causeway, harbor or
mooring facilities for watercraft, and agrees to pay a rental, charges or fee
to the State of Illinois for the use andoccupation of any State owned lands
which may be authorized to be utilized for such purposes; the rental, charge
or fee shall be determined by said Department. No such agreement permitting
any causeway, harbor or mooring facilities for watercraft in, upon orbelow
the bed of said portion of Chicago Harbor in Lake Michigan shall be made,
which by its terms, permits the use and occupation of State owned lands for a
period of over 20 years, nor shall such agreement be entered into unless
provision therein is made that such agreement shall be revocable at the will
of said Department to permit use thereof by the State of Illinois for any
public purpose. Amended by P.A. 77-161, § 1, eff. Jan. 1, 1972.
65f - Flood plains -- Defining -- Reports -- Planning, development and
evaluation -- Construction permits - § 18f
The Department of Transportation shall define flood plains within the l
State of Illinois on a township by township basis and may issue permits for
any construction within such flood plains on or after the effective date of »
this amendatory Act of 1971. The Department shall publish and distribute
suitable reports, together with mapping and hydrologic exhibits pertaining to
flood plains defined and established under this Act. In defining applicable
flood plains, the Department shall cooperate with, and shall consider planning
and zoning requirements of, regional planning agencies created by statute,
counties, municipalities and other units of government. A period of thirty
days shall be allowed for any agency to submit written comments to the
Department regarding any proposed flood plain area. If such agency fails to
1Chapter 19 § 65
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return comments to the Department within the specified time period the
Department may proceed with the publication and institution of the flood plain
permit procedure.
The Department is charged with the planning, development
and evaluation of the most economic combination of retention storage, channel
improvement and flood plain preservation in defining and establishing flood
plain areas.
All construction undertaken on a defined flood plain subsequent
to the effective date of this amendatory Act, without benefit of a permit from
the Department of Transportation, shall be unlawful and the Department, may in
its discretion, proceed to obtain injunctive relief for abatement or removal
of such unlawful construction. The department, in its discretion, may make
such investigations and conduct such hearings as may be necessary to the
performance of its duties under this amendatory Act of 1971. Activity of the
Department under this Section shall be limited to townships related to
projects of the Department authorized by the General Assembly.
The report of
the Department shall be considered a final administrative decision and subject
to judicial review in accordance with the provision of the "Administrative
Review Act", approved May 8, 1945.1 Amended by P.A. 79—694, § 1, eff. Sept.
3, 1975.
1Chapter 110, § 264 et seq.
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ATTACHMENT 3
MINNESOTA SHORELAND MANAGEMENT ACT
FOR
COUNTIES AND MUNICIPALITIES
CHAPTER SIX: CONS. 70-84
STATEWIDE STANDARDS AND CRITERIA FOR MANAGEMENT OF
SHORELAND AREAS OF MINNESOTA
(C) SHORELAND ALTERATIONS
Gra
din
g a
nd
fiT
Iin
g i
n s
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eTa
nd
are
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a p
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wat
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d b
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sho
reT
and
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nce
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and
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pub
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wat
ers
and
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men
t o
f f
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and aquatic Tife.
4.3 SHORELAND ALTERATIONS
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a p
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a c
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per
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con
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o p
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Toy
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 ATTACHMENT 4
TITLE 25. PENNSYLVANIA RULES AND REGULATIONS
PART 1. DEPARTMENT OF ENVIRONMENTAL RESOURCES
SUBPART C. PROTECTION OF NATURAL RESOURCES
ARTICLE II. WATER RESOURCES
CHA
PTE
R 1
05.
WAT
ER
OBS
TRU
CTI
ONS
AND
ENC
ROA
CHM
ENT
S
SUB
CHA
PTE
R
F.
FIL
LS,
LEV
EES
,
FLO
ODW
ALL
S A
ND
STR
EAM
BAN
K
RET
AIN
ING
DEV
ICE
S
GENERAL PROVISIONS
§ 105.231. SCOPE
(a)
Ex
ce
pt
as
pr
ov
id
ed
in
§
10
5.
3
of
th
is
ti
tl
e
(r
el
at
in
g
to
sc
op
e)
,
the
pro
vis
ion
s
of
thi
s
sub
cha
pte
r
sha
ll
app
ly
to
the
con
str
uct
ion
,
alt
era
tio
n,
enl
arg
eme
nt,
rep
air
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rem
ova
l
of
fil
ls,
lev
ees
,
flo
odw
all
s
and
str
eam
ban
k
ret
ain
ing
wal
ls
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ate
d
in
or
alo
ng
the
reg
ula
ted
wat
ers
of
the
Com
mon
wea
lth
.
(b)
Ex
ce
pt
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pr
ov
id
ed
in
§
10
5.
3
of
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is
ti
tl
e
(r
el
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g
to
sc
op
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,
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pr
ov
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of
th
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su
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pt
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al
l
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so
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pl
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e
co
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uc
ti
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,
alt
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tio
n,
enl
arg
eme
nt,
rep
air
or
rem
ova
l
of
fil
ls,
lev
ees
or
flo
odw
all
s
lo
ca
te
d
wi
th
in
th
e
10
0-
ye
ar
fl
oo
dw
ay
of
a
re
gu
la
te
d
wa
te
r
of
th
e
Co
mm
on
we
al
th
whi
ch
wil
l
sub
sta
nti
all
y
aff
ect
the
ele
vat
ion
or
vel
oci
ty
of
flo
odw
ate
rs.
(c)
For
pur
pos
es
of
thi
s
sub
cha
pte
r,
it
sha
ll
be
ass
ume
d
tha
t,
abs
ent
jus
tif
ica
tio
n t
o t
he
con
tra
ry
by
the
app
lic
ant
,
the
fol
low
ing
wil
l
substantially affect the elevation and velocity of floodwaters:
(1)
Any
fil
l,
lev
ee
or
flo
odw
all
wit
hin
the
flo
odw
ay
of
a r
egu
lat
ed
water of the Commonwealth.
(2)
Any
fil
l,
lev
ee
or
flo
odw
all
wit
hin
50
fee
t o
f t
he
top
of
the
bank of a stream.
PERMITS
§ 105.241. PERMIT APPLICATIONS
 
In
add
iti
on
to
the
inf
orm
ati
on
req
uir
ed
by
§§
105
.11
and
l05
.12
of
thi
s
tit
le
(re
lat
ing
to
gen
era
l
per
mit
app
lic
ati
ons
and
eng
ine
er'
s
cer
tif
ica
tio
n),
all
app
lic
ati
ons
for
per
mit
s p
urs
uan
t t
o t
his
sub
cha
pte
r s
hal
l c
ont
ain
the
following information:
1.
A p
lan
det
ail
ing
the
loc
ati
on
of
all
str
uct
ure
s a
nd
pro
per
tie
s w
ith
in
1,
00
0
fe
et
up
st
re
am
an
d
do
wn
st
re
am
wi
th
in
th
e
re
ac
h
an
ti
ci
pa
te
d
be
lo
w
the backwater level caused by the proposed fill, levee or similar
str
uct
ure
and
wit
hin
the
flo
od
pla
in
of
the
flo
od
of
rec
ord
on
bot
h
sides of the stream or body of water.
2.
Bas
eme
nt
and
fir
st
flo
or
ele
vat
ion
s o
f s
tru
ctu
res
ind
ica
ted
on
the
plan required by paragraph (1) of this subsection.
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 10.
A complete hydraulic and hydrologic report on the proposed project,
including, if the Department so requires, a backwater analysis of the
project.
Complete cross-sections of the stream and floodway of the flood of
record.
Stream profiles, showing the bed slope and the normal and flood water
elevations for points 1,000 feet upstream and sufficiently far
downstream as there may be an effect on the project, but not less
than 1,000 feet downstream.
The type of all materials to be used on the fill, levee or similar
structure.
Plans for the protection of the fill, levee or similar structure from
erosion, both during and after construction.
The design flood for the fill, levee or similar structure.
A copy of the local flood plain management regulations or ordinances.
Plans for interior drainage.
DESIGN CRITERIA
§ 105.251. GENERAL CRITERIA
 
An application for any proposed levee, fill or similar structure in or
along a stream or body of water will not be approved by the Department where:
1.
4.
it will increase flood heights, either on the opposite bank or
upstream and flood easements or flood protection has not been
provided;
it will create erosive velocities in the stream and appropriate
protection has not been provided;
it will increase flood damages downstream through a loss of flood
plain storage or
it is designed for a discharge less than the 100-year flood.
§ 105.252. WASTE MATERIALS
No waste materials of any type shall be used in the construction of fills,
levees orsimilar structures, except in accordance with the provisions of the
Solid Waste Management Act and Chapter 75 of this title (relating to solid
waste management
142
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§ 105.253. SLOPES
The
sIo
pe
of
any
fiI
I,
Iev
ee
or
sim
iIa
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str
uct
ure
sha
TI
not
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epe
r
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ho
ri
zo
nt
aI
to
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e
ve
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ic
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un
Ie
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um
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e
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at
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§
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4.
TO
P
WI
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LE
VE
ES
The
top
wid
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any
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not
be
Tes
s
tha
n
ten
fee
t.
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25
5.
IN
TE
RI
OR
DR
AI
NA
GE
Ade
qua
te
fac
iIi
tie
s
sha
TI
be
pro
vid
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the Ievee or fioodwaII.
§ 105.256. FREEBOARD ALLOWANCE
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I
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e
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t
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ru
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in
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na
ge
fa
ci
ii
ti
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Ie
as
t
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nu
aT
Iy
and
sha
IT
ke
ep
re
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rd
s
th
er
eo
f,
wh
ic
h
shaII be avaiIabTe to the Department on request.
(b)
Th
e
ow
ne
r
of
an
y
Ie
ve
e
or
fi
oo
dw
aI
I
sh
aT
I
at
aI
T
ti
me
s
pr
op
er
Iy
ma
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th
e
Ie
ve
e
or
fi
oo
dw
aI
T
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d
a1
]
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en
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t
st
ru
ct
ur
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.
(c)
Tr
ee
s
and
ot
he
r
ve
ge
ta
ti
on
wi
th
de
ep
ro
ot
s
sh
aI
I
no
t
be
aI
To
we
d
on
an
y
Ie
ve
e
us
ed
fo
r
fi
oo
d
co
nt
ro
I
pu
rp
os
es
an
d
ve
ge
ta
ti
on
sh
aI
T
at
aI
T
times be controITed.
§ 105.262. MAINTENANCE OF FILLS
Fi
II
s
sh
aT
I
at
aII
ti
me
s
be
ma
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in
ed
in
a
ma
nn
er
to
pr
ev
en
t
er
os
io
n
and
to assure the stabiiity of the siopes.
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 1.
2.
Appendix 7
DREDG I NG REGISTER
Information recorded for each of the 97 dredging locations presently
listed in the register includes:
Identification Code
.i.
ii.
iv.
Location which can be the sum of several separate projects in the
inmediate harbour or channel area;
Jurisdiction - Ontario or one of the eight Great Lakes states;
. Ba
sin
- on
e of
the
five
Grea
t La
kes
basi
ns.
Inte
rcon
nect
ing
wate
rs
and channels are included in the basin immediately downstream, e.g.
Lake St. Clair is included in the Lake Erie basin;
Dates - the year and month in which the project began and was
completed.
Physical Data
i.
ii.
Mate
rial
type
- sa
nd,
silt
, cl
ay,
rock
, gr
avel
, b
ould
er,
orga
nics
,
peat
, d
ebr
is
(see
Tab
le
12
of
tex
t f
or
cha
rac
ter
ist
ics
);
Equ
ipm
ent
typ
e -
cla
m,
dip
per
, b
ack
hoe
, h
ydr
aul
ic
and
hop
per
(see
the
following section on Dredging Plant and Practices);
. Disposal method -
a) upland - development of upland habitat, either on new disposal
sites or by reclaiming old sites.
b) confined (dyked) - confining materials on land or in shallow water
next to land.
c) b
each
(nou
rish
ment
) -
clea
n, d
redg
ed
sand
is i
deal
for
nour
ishi
ng
beaches which have been eroded by wave action.
d) open lake - designated open-water dumping locations.
e)
reu
se
- d
red
ged
mat
eri
als
can
be
use
d i
n c
ons
tru
cti
on,
ind
ust
ry,
winter road sanding to increase traction, landfill cover, fill
material for development and reclamation of strip-mined areas.
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iv.
vi.
 
Quantity (CMPM) - CMPM = cubic metres place material
a) pay - actual amount of material approved for excavation plus
over depth.
b) total - includes the pay material plus material removed through
scouring and from outside the approved dredging area;
c) dry density (kg/L)
Costs
a) capital containment - costs to provide a disposal site;
b)
0&M
cont
ainm
ent
- co
sts
to o
pera
te a
nd m
aint
ain
a di
spos
al
site
;
c) dredging $/CMPM - costs of the actual dredging operation in
dollars per cubic metre place material; and
d) total $/CMPM - total costs (a-c) of a dredging project.
Rem
ark
s
- u
sed
for
add
iti
ona
l
inf
orm
ati
on,
e.g
.
sit
e
and
equ
ipm
ent
description.
Chemical Data (dry weight)
.i.
ii.
Mean, Minimum (Min), and Maximum (Max) concentrations are listed for
14
che
mic
al
par
ame
ter
s.
It
sho
uld
be
not
ed
tha
t
som
e o
f t
he
che
mic
al
data
are
repo
rted
as l
ess
than
(<)
valu
es
and
will
also
affe
ct l
oad
cal
cul
ati
ons
.
Dat
a a
re
ave
rag
ed
ove
r t
he
are
as
dre
dge
d.
If
spe
cif
ic
dredging locations were not known, data were averaged over the entire
ha
rb
ou
r
and
th
is
was
no
te
d
in
th
e
re
ma
rk
s
po
rt
io
n
of
th
e
de
sc
ri
pt
io
n.
Load (T) is calculated by: D x Q x C = T
where D = dry density (kg/L),
Q = quantity of material (CMPM),
C = weighted average concentration, how calculated,
T = load (tonnes)
. The 15 chemical parameters listed are:
volatile solids (%) or loss on ignition at 600°C
0&6
- O
il
and
Gre
ase
COD
- C
hem
ica
l O
xyg
en
Dem
and
NHa - Ammonia TKN - Total (Kjeldahl) Nitrogen (as N)
Hg - Mercury Total P - Total Phosphorus (as P)
As - Arsenic . Pb - Lead
Cu - Copper Cd - Cadmium
Cr - Chromium Zn - Zinc
PCB - Polychlorinated Biphenyls Ni - Nickel
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 iv.
Oth
er
par
ame
ter
s
— i
den
tif
ica
tio
n
of
oth
er
par
ame
ter
s
for
whi
ch
dat
a
are avaiIabTe.
v.
Sam
pTi
ng
dat
es
- i
den
tif
ica
tio
n
of
the
dat
e(s
)
on
whi
ch
the
sam
pIe
was taken and by whom.
ABBREVIATIONS USED IN THE REGISTER
AVG
BAS
BTWN
CH
ENT
DRGED
LIM
HBR
MID
OUT
PT, PTS
RI, RIV
UP, UPSTM
N, S, E, W
M
DATA SOURCES
The basic data for the dredging register
- Averaged MN - Minnesota
-
Ba
si
n
WI
-
Wi
sc
on
si
n
- Between IL - IIIinois
- ChanneI IN - Indiana
- Entrance MI - Michigan
- Dredged OH - Ohio
- L
imi
t
PA
- P
enn
syI
van
ia
— Harbour NY - New York
- MiddIe ON - Ontario
- Outer
- Point(s)
- River
— Upstream
- Directions
- MiIe
were submitted by federai and
pr
ov
in
ci
al
ag
en
ci
es
re
sp
on
si
bi
e
fo
r
dr
ed
gi
ng
an
d
it
s
re
Ta
te
d
en
vi
ro
nm
en
ta
i
effects.
Th
e
fo
II
ow
in
g
id
en
ti
fi
es
th
e
so
ur
ce
s
of
th
e
da
ta
an
d
th
e
pr
in
ci
pa
I
contacts in each country.
If
fu
rt
he
r
in
fo
rm
at
io
n
or
cT
as
si
fi
ca
ti
on
of
en
tr
ie
s
is
req
uir
ed,
the
app
rop
ria
te
per
son
in
the
foT
Iow
ing
Iist
sho
uId
be
con
tac
ted
.
Canada
The Canadian physica] data were submitted by:
Marine and CiviI Resources
Department of Puinc Works
Ontario Region
4900 Yonge St.
Toronto, Ontario M2N 6A6
Mr. Ansar Khan
(416) 224-4119
Contact:
Th
e
Ca
na
di
an
ch
em
ic
aI
da
ta
we
re
su
bm
it
te
d
by
:
Water Resources Branch
Ontario Ministry of the Environment
135 St. Clair Avenue West
Toronto, Ontario M4V 1P5
Contact: Mr. Deo Persaud
(416) 965-6954
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and
Environmental Protection Service
Environment Canada, Ontario Region
25 St. Clair Avenue East
Toronto, Ontario M4T 1M2
Contact: Mr. Harry Beach
(416) 966-5840
United States
The U.S. physical and some chemical data were submitted by:
North Central Division
U.S. Army Corps of Engineers
536 South Clark Street
Chicago, Illinois 60605
Contacts: Mr. Carl Cable
(312) 353-6372
Mr. Robert Neal
(312) 353-6378
Most U.S. chemical data were submitted by:
Great Lakes National Program Office
U.S. Environmental Protection Agency, Region V
536 South Clark Street
Chicago, Illinois 60605
Contact: Mr. Anthony Kizlauskas
(312) 353—3576
DREDGING PLANT AND PRACTICES*
 
The dredging process involves four basic actions:
— loosening or dislodging of the material to be removed,
excavation and lifting to the water surface,
transportation to a disposal site, and
disposal.
The loosening or dislodging action is by mechanical penetrating and
grabbing, raking or cutting, drilling and blasting, or hydraulic scouring.
The lifting action is accomplished by vertical hoisting utilizing cables or
hydraulic power, by inclined hoisting employing an endless-belt principle or
*International Working Group on the Abatement and Control of Pollution from
Dredging Activities. Report, 1975.
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4
 by
hy
dr
au
li
c
su
ct
io
n.
Th
e
tr
an
sp
or
ti
ng
is
do
ne
by
pi
pe
li
ne
s,
sc
ow
s,
ho
pp
er
dr
ed
ge
s,
tr
uc
ks
,
or
by
ov
er
ca
st
in
g.
Th
e
di
sp
os
al
fu
nc
ti
on
of
th
e
op
er
at
io
n
is
ac
co
mp
li
sh
ed
by
di
sc
ha
rg
in
g
fr
om
a
pi
pe
li
ne
,
du
mp
in
g
fr
om
tr
uc
ks
,
bo
tt
om
du
mp
in
g
or
by
pu
mp
in
g
ou
t
of
sc
ow
s
or
ho
pp
er
s.
In
so
me
hy
dr
au
li
c
dr
ed
gi
ng
op
er
at
io
ns
th
e
fo
ur
ac
ti
on
s
ar
e
ca
rr
ie
d
ou
t
co
nt
in
uo
us
ly
an
d
co
nc
ur
re
nt
ly
by
a
si
ng
le
pi
ec
e
of
eq
ui
pm
en
t
wh
il
e
ot
he
r
me
th
od
s
em
pl
oy
tw
o
or
mo
re
un
it
s
an
d
pe
rf
or
m
th
e
se
ve
ra
l
ac
ti
on
s
se
pa
ra
te
ly
an
d
in
te
rm
it
te
nt
ly
.
Dr
ed
gi
ng
pl
an
t
an
d
pr
ac
ti
ce
s
ha
ve
be
en
de
ve
lo
pe
d
ov
er
ti
me
to
ac
hi
ev
e
ma
xi
mu
m
ec
on
om
ic
re
tu
rn
s
th
ro
ug
h o
ut
pu
t
op
ti
mi
za
ti
on
wi
th
li
tt
le
re
ga
rd
ha
vi
ng
be
en
gi
ve
n
to
en
vi
ro
nm
en
ta
l
co
nc
er
ns
.
Th
us
th
e
ty
pe
of
eq
ui
pm
en
t
us
ed
an
d
th
e
me
th
od
ad
op
te
d
to
pe
rf
or
m
a
dr
ed
gi
ng
op
er
at
io
n
in
th
e
mo
st
ef
fi
ci
en
t
an
d
ec
on
om
ic
ma
nn
er
ha
s
tr
ad
it
io
na
ll
y
be
en
se
le
ct
ed
on
th
e
ba
si
s
of
th
e
fo
ll
ow
in
g
factors:
—
th
e
cl
as
si
fi
ca
ti
on
of
th
e
ma
te
ri
al
to
be
dr
ed
ge
d,
-
th
e
ph
ys
ic
al
en
vi
ro
nm
en
t
at
th
e
dr
ed
gi
ng
si
te
,
— the dredging depth,
-
th
e
lo
ca
ti
on
an
d
na
tu
re
of
th
e
dr
ed
ge
d—
ma
te
ri
al
di
sp
os
al
si
te
,
an
d
-
th
e
av
ai
la
bi
li
ty
of
su
it
ab
le
dr
ed
gi
ng
pl
an
t.
Ho
we
ve
r,
si
nc
e
it
is
no
w
re
co
gn
iz
ed
th
at
dr
ed
gi
ng
op
er
at
io
ns
ca
n
ha
ve
an
ad
ve
rs
e
en
vi
ro
nm
en
ta
l
im
pa
ct
,
pa
rt
ic
ul
ar
ly
wh
en
it
is
ne
ce
ss
ar
y
to
ex
ca
va
te
an
d
di
sp
os
e
of
gr
os
sl
y
co
nt
am
in
at
ed
se
di
me
nt
s,
th
e
va
ri
ou
s
as
pe
ct
s
of
en
vi
ro
n-
me
nt
al
co
nc
er
n
re
vi
ew
ed
in
th
is
re
po
rt
wi
ll
in
fu
tu
re
ne
ed
to
be
co
ns
id
er
ed
wh
en
se
le
ct
in
g
pl
an
t
an
d
op
er
at
in
g
pr
oc
ed
ur
es
.
Un
fo
rt
un
at
el
y,
th
er
e
ar
e
fe
w
ac
tu
al
ex
pe
ri
en
ce
da
ta
up
on
wh
ic
h
to
ba
se
an
al
yt
ic
al
ev
al
ua
ti
on
s
of
th
e
en
vi
ro
nm
en
ta
l
ef
fe
ct
s
of
dr
ed
gi
ng
.
Ne
it
he
r
is
th
er
e
mu
ch
co
mp
ar
at
iv
e
in
fo
rm
at
io
n
av
ai
la
bl
e
fo
r
as
se
ss
in
g
th
e
re
la
ti
ve
pe
rf
or
ma
nc
e
of
di
ff
er
en
t
ty
pe
s
of
dr
ed
gi
ng
eq
ui
pm
en
t
in
en
vi
ro
nm
en
ta
l
te
rm
s.
It
is
ap
pa
re
nt
fr
om
vi
su
al
ob
se
rv
at
io
ns
of
tu
rb
id
it
y
in
th
e
ar
ea
of
dr
ed
gi
ng
Op
er
at
io
ns
th
at
lo
ss
es
of
fi
ne
ma
te
ri
al
s
ta
ke
pl
ac
e
du
ri
ng
ex
ca
va
ti
on
.
On
e
me
as
ur
e
of
th
e
ex
te
nt
of
di
st
ur
ba
nc
e
ca
us
ed
wo
ul
d
be
in
di
ca
te
d
fr
om
th
e
pe
rc
en
ta
ge
lo
ss
of
su
ch
fi
ne
ma
te
ri
al
s
bu
t
di
re
ct
de
te
rm
in
at
io
n
of
su
ch
da
ta
is
sc
ar
ce
ly
pr
ac
ti
ca
l.
Si
nc
e
di
ff
er
en
t
ty
pe
s
of
dr
ed
gi
ng
pl
an
t
ha
ve
va
st
ly
di
ff
er
en
t
op
er
at
in
g
ch
ar
ac
te
ri
st
ic
s,
ev
en
th
e
co
mp
ar
at
iv
e
ef
fe
ct
s
be
tw
ee
n
th
em
ar
e
di
ff
ic
ul
t
to
es
ta
bl
is
h.
A
mo
de
rn
cu
tt
er
-s
uc
ti
on
dr
ed
ge
,
wh
ic
h
ma
y
ha
nd
le
up
to
3,
00
0
m3
pe
r
ho
ur
,
ca
nn
ot
be
co
mp
ar
ed
di
re
ct
ly
wi
th
a
3
m3
cl
am
sh
el
l
dr
ed
ge
op
er
at
in
g
ef
fi
ci
en
tl
y
at
a
pr
od
uc
ti
on
ra
te
of
12
0
m3
pe
r
ho
ur
.
Wh
ic
h
wi
ll
re
su
lt
in
th
e
gr
ea
te
r
ag
gr
eg
at
e
lo
ss
of
fi
ne
s
is
no
t
re
al
ly
kn
ow
n.
Mai
nte
nan
ce
dre
dgi
ng
pro
jec
ts
usu
all
y
dea
l
wit
h
rec
ent
acc
umu
lat
ion
s
of
se
di
me
nt
s
wh
ic
h
ma
y
ha
ve
be
en
co
nt
am
in
at
ed
.
Th
ey
ar
e
mo
re
li
ke
ly
,
th
er
ef
or
e,
to
gi
ve
ri
se
to
ad
ve
rs
e
an
d
in
te
ns
e
sh
or
t-
te
rm
po
ll
ut
io
n
ef
fe
ct
s
th
an
wo
ul
d
ca
pi
ta
l
wo
rk
s
pr
oj
ec
ts
.
Th
e
la
tt
er
no
rm
al
ly
in
vo
lv
e
si
gn
if
ic
an
t
ph
ys
ic
al
cha
nge
s
to
bot
tom
sit
e
geo
met
ry
whi
ch
ind
uce
lon
g-t
erm
inf
lue
nce
s
in
the
en
vi
ro
ns
of
th
e
dr
ed
gi
ng
si
te
.
An
y
dr
ed
gi
ng
op
er
at
io
n
ma
y
im
po
se
a
co
mb
in
a-
tio
n
of
bot
h
sho
rt-
and
lon
g-t
erm
env
iro
nme
nta
l
imp
act
s
at
the
dre
dgi
ng
sit
e.
149
 
 Comparison of the operating cycles and procedures for the various types of
dredging plant used in the Great Lakes is of interest insofar as it is
possible to distinguish differences in impact intensities which relate to
specific types of equipment and particular operating practices. The Choice of
dredging plant generally has less influence upon long-term dysfunctional
effects, although some may be inferred from changes in bathymetry and sub—
strate disturbances which can be related to typical dredging operations.
Dredging Plant
Dredging plant is broadly categorized as mechanical, hydraulic or
pneumatic equipment. As the designation implies, mechanical dredges
accomplish the digging of bottom sediments through the direct application of
mechanical force to dislodge and remove the material. Most mechanical dredges
deliver the dredged material into scows for transportation to the disposal
site. Specialized mechanical dredges include the dipper dredge, the bucket
ladder dredge and the grab or clamshell dredge all of which are used exten-
sively in the Great Lakes waterways.
Hydraulic dredges operate on the principle of the centrifugal water pump.
The pressure difference across the impeller creates a water velocity
sufficient to transport a slurry of the material being dredged through a
pipeline for deposit at the disposal site. Mixtures containing 15 to 20
percent of material by volume are usual. Suction dredges, hopper dredges and
cutter-suction dredges are examples of hydraulic plant utilized in the Great
Lakes.
Pneumatic dredges are a recent, European-patented innovation and have not
yet been introduced into North America. The dredge operates on compressed air
and hydrostatic pressure and is reported to be capable of entraining mixtures
of material and water containing up to 50 percent solids by volume.
Mechanical Dredging Plant
 
Grab or Clamshell Dredges
The grab or clamshell is the most commonly used mechanical dredging plant
in the Great Lakes fleet with application to a wide range of maintenance and
new-work projects. It may be used to excavate all types of materials except
for the most-cohesive sediments and solid rock. Grab and clamshell dredges
are frequently employed for maintenance dredging operations and are
particularly adapted to operating within confined areas and where close
control of position and depth is essential to avoid undermining the
foundations of marine structures. The excavation is accomplished as an
intermittent operation and results in a somewhat irregular and disturbed
bottom surface.
In practice, the clamshell usually excavatesa heaped bucket of material.
During hoisting, drag forces wash away part of the load and once the bucket
clears the water surface additional losses occur through rapid drainage of
entrapped water and slumping of the material heaped above the bucket rim. The
bucket may be inadvertently prevented fromfully closing by random pieces of
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Trailing-suction Hopper Dredges
The trailing-arm hopper dredge is a plain suction dredge mounted on a
self-propelled vessel instead of on a barge. The suction intake pipe is
dragged along the bed of the area to be dredged as the vessel is moved forward
at speeds of up to 5 or 6 km/h and the dredgings discharged into hoppers
located in the hull. Pumping normally continues until an economic load has
been
accu
mula
ted
in t
he h
oppe
rs.
In t
he p
roce
ss,
exce
ss w
ater
cont
aini
ng a
proportion of the finer constituents of the material being dredged overflows
the top of the hoppers and returns to the waterbody.
Although at nearshore locations the dredged material can be pumped ashore,
the principal value of the dredge is that it is self-contained, and can there-
fore operate well away from the material disposal site with minimum disruption
to navigation. While specifically designed dragheads can be used for raking
hard materials, the dredge is particularly efficient for excavating loose,
cohesionless materials.
Where open-water disposal of the dredged material is permitted, the vessel
turns slowly across the disposal site as the hoppers are opened for bottom
dumping. Many hopper dredges have been modified in recent years to provide
for direct pump-out to an onshore disposal area.
About 75 percent of the Great Lakes maintenance dredging in the United
States has been performed with hopper dredges belonging to the Corps of
Engineers. They are not conmon in the Canadian fleet.
Cutter-suction Dredges
An improved version of the plain suction dredge, the cutter-suction dredge
is equipped with a powered cutterhead at the intake to break up dense material
and create a slurry that can be more readily transported. The largest units
can excavate up to 3,000 m3 per hour and deliver the material to a disposal
site through 3,000 m of pipeline. Booster pumps can be installed in the
discharge line to allow continuous transport-over greater distances.
To a
ssis
t in
the
dred
ging
acti
on,
two
spud
s a
re pr
ovid
ed a
t th
e st
ern
of
the dredge and swinging cables are used to pivot the vessel about either spud,
thus controlling movement of the intake into the material being excavated.
The intake and cutterhead are attached to a rigid-frame ladder that is pivoted
about the front of the barge for control of dredging depth.
Cutterasuction equipment is the most-widely used hydraulic dredging plant
in the Great Lakes Canadian fleet. Its range of characteristics, both in unit
capacity and adaptability to different classes of material, make it a most
versatile dredge. Cutterheads have rotation speeds ranging between 5 and 40
rpm but are commonly operated at 15 to 25 rpm in the Great Lakes waterways.
DC-drive motors are used in some dredges to provide for continuously variable
speed control. While this feature is not widely available, instances have
been noted when production was improved by an ability to decrease the
rotational speed of the cutterhead in loose sandy material. Different types
of cutterhead are used to dredge materials ranging from very fine-grained
sediments to soft rock.
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Appendix 7.1
TOTAL VOLUME OF DREDGED MATERIAL
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Appendix 7.3
DISPOSAL OF GREAT LAKES DREDGED MATERIALS
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 Appendix 7.4
REGISTER OF GREAT LAKES DREDGING PROJECTS
Does
not
inc1ude
Toadings
estimated
from
background
concentrations
(see
Chapter 4, Tab1e 5).
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RIRL
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DISP
OSOL
METH
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0N L
RﬁD
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PﬂEE
T T
YPE!
DIPP
ER
OURN
TITY
(CHP
H)I
FRY;
1090
00
TOYO
L;
1090
00
DRY
DEHS
ITY<
K9iL
)}
1.60
C0515
:
COPI
TAL
CONT
HINH
ENTi
0
OOH
CONT
QINH
EHT;
8480
0
DRED
GING
SICH
PH;
TOTRL
SICH
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REHﬂ
RKSf
OHE
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$ (
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HEI
GHT
)
PﬁRh
HETE
R
' HE
ﬁN
NIH
HRK
L000
(t)
PARA
HEYE
R
HEﬁN
HIN
«ax
LOﬁD
tt)
VOLO
T1LE
SOLI
DS (
2)
5.89
0
3.15
0
10.1
00
1201
6.15
COD
(mg/
g)
79.8
00
24.0
00
130.
000
1388
2.24
OtG
(ﬁg/
g)
1.56
0
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3.30
0
< 27
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TKN
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0
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0
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0
0.29
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4.70
0
5.62
0
3343
.69
000
(Hg/
g)
72.8
00
64.0
00
81.5
00
4717
.44
000
(ﬁg/
g)
0.68
0
0.40
0
0.90
0
44.0
6
TKH
(ﬁg/
g)
1.23
0
.200
1.25
0
79.7
0
NH?
(ﬁg/
g)
0.09
3
0.07
8
0.09
4
5.38
TOTR
L P
(ngi
g)
0.50
9
.475
0.54
0
32.9
2
PCB
(ugl
y)
2.71
0
( 0.
100
5.30
0
( 0.
19
Hg
(ugl
y)
0.10
0
.100
0.10
0
( 0.
01
Pb
(ugl
q)
29.0
00
23.0
00
35.0
00
1.99
95
(ug/
g)
.800
.000
3.50
0
( 0.
19
Cd
(My/
q)
( 2.
000
( 2.
000
( 2.
000
( 0.
13
Cu
(ug/
g}
.000
.000
17.5
00
0.91
in
(ug/
q)
61.0
00
50.0
00
71.0
00
3.95
Cr
(Hg/
g)
.000
.000
33.5
00
1.94
Hi
(ug
/q)
23.
000
20.
000
25.
000
1.4
9
OTH
ER
PAR
QNE
TER
S
Hna
ﬂg
SRﬂ
PLI
HG
DAT
ES!
EPR
-O?
??
:'u=
.nl=
‘8l.
::v:
=:n:
lmg:
en=n
x'=:
=a=:
=r_:
a===
a£:=
=ﬂlz
n=ln
l=
== =
2=l=
nnua
3=m=
ulaz
rnat
u==1
====
:.==
=ll=
z==:
==xa
====
==zl
===
::I:
=:==
==-
 LOCATIOE’ DULUTH‘SUPERIO
r=======- =::=:.:===:‘===
I
L
I
.
—
L
.
)
I
n
-
.
~
0
o
:
LM
OH
I
Km1
.
1
.
3m.
L
0
-
1
a
)
(
I
u
o
:
zE
2
n
:
C
;
I
n
M(
1
:
I
:
o
n
HATERIAL: SAND/HUD
DISPOSAL HETHOD: L
AND
EOUIPHEHT TYPE: DIPPER
OUANT]TY(CHPH)=
PAY; 0
TOTAL} 5500
DRY DENSITY(K97L);
1.60
805753 CAPITAL CONTAINMENT; 0 '00" CONTAINHEKT; 0 DREDGING 3/CHPH; 11.93 TOTAL S/CﬂPH; 11.93
REMARKS:
CHEMICAL DATA (DRY HEIGHT)
VOLATILE SOLIDS (2) 5.270 3.150 7.900 463.76 COD (Hg/g 54.200 24.000 89.000 476.96
000 (ngig) 0.920 ( 0.400 1.500 ( 8.10 TKN (Hg/g 1.330 0.930 1.800 11 0
TOTAL P (Hg/g) 0.640 0.290 0.870 5.63 Hg (Hg/g) 0.200 { 0.100 0.500 ( 0.50
Pb (Hg/g) 18.000 ( 5.000 33.000 ( 0.16 As (ug/g) 2.100 < 1.000 3.300 ( 0.02
Cd (ug/g) < 2.000 ( 1.000 ( 4.000 ( 0.02 Cu (ug/g) 49.000 29.500 84.000 0.43
?n (ug/g) 82.000 80.000 84.000 0.72 Cr (Hg/g) 30.000 25.000 35.500 0.26
NI (Hg/g)
21.000 < 8.000
30.000 ( 0.18
SAHPLING DATES! U5E
PA-73175176
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[OLATIOKI DULUTH‘SU
PERIOR HARBOR
: HN BASIH= SUPE
RIOR PR-JECT
BEGAN: 7708 COMP
LETE: 7711 ROH=
219
PHYSICAL DATA
HATERIAL! SAHD/HUD
DISPOSAL HETHOD: ON
LAND
EOUIPHENT
TYPE: DIPP
ER
OURNTlTY(CHPH)3
PAY; 0
TOTAL; 69700
DRY DENSITY<Kg/L);
1.60
CO$TS¥ CAPITAL COHTAINHEHT; 0 01H CONTAINHERT: 49165 DREDGING SICHPﬂi 6.65 TOTAL SiCHPﬂ) 7.35
REMARKS:
CHEHXCAL DATA (DRY HEIGHT)
___«___-__..__....__-_.....—_.......-.....‘-—_-«—_-_.._—-_. . -..——-—h..—-..-.—_-....._--__.-..-_.._-.......--....._-_.--..-_..___.......-__._....-_....____..--..__——-_-—-——-—
PARAHETER HEAN HIR HAK LOAD(t) PARAHETER HEAN HIM HAX LOAD(t)
VOLATILE SOL10$ (2) 0.240 < 1.000 10.100 ( 4728.45 COD (Hg/g) 47 900 7.000 130.000 5341.81
0&6 (Hg/g) 1.230 < 0.250 3.300 < 137.17 TKM (Hg/g} 1.147 0.043 3.100 127.91
TOTAL P (Hg/g) 0.553 0.210 1.200 61.67 Hg (ugfg) 0.300 0.100 0.500 < 0.03
Pb (Mg/q) 27.000 < 5.000 89.000 ( 3.01 A: (ngg) 2.900 2.000 5 100 < 0.32
3
3
\
’
\
’
Cd (ug/q) 3.000 ( 1.000 6.000 ( 0.33 Cu (ug/g) 31.000 .000 80.000 3.46
Zn (ug/g) 100.000 8.000 300.000 11.15 Cr (Hg/g) 24.000 .000 49.000 2.68
Ni (ug/g)
16.000 ( 8.000
30 000 < 1.78
SAMPLING DATES: EPA-1973/1976
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LOLRTIOK! DULUTH~$UPERIOR HARBOR
I HN
8031
HR1ERIAL= SRND
EGUIPHEHT TYPE: DIPPER
38500
DRY DENSITY(Kg/L);
1.60
0&H CDNTGINHEHT;
25810
DREDGING SICHPH:
8.80
QURN11TY(CHPH): PAY;
0 TOTnL;
COSTS!
CRPITRL CONTRINHENT;
0
,
TOTQL S/CHPH;
9.4?
REMARKS!
CHEMICRL DRTQ (DRY HEIGHT)
...— _ . .. N _ . . . .. _ _ . _ . . .._-..........-_....-..——.._-____--__-..-..--__.._..-...____..__..__..—___—._..__--_-_--
1000(0)
PRRAEEIER
HEAH
HIN
HRK
Lono<0>
2340.50
coo (lg/g)
47.600
< 0.540
95.000
< 2932.16
73.92
TKN (Hg/g)
0.770
0.120
1.530
47.03
2.65
70701 P (Mg/g)
0.379
0 076
0.630
23.35
0.01
Pb (09/9)
35.000
< 5.000
75.000
< 2.16
0.12
00 (09/9)
< 1.000
< 1.000
< 1.000
< 0.06
0.52
Zn (09/91
67.000
9.000
105.000
4.13
0.09
N1 (ug/g)
20.000
< 10.000
30.000
< 1.23
PnRRHETER
HERN
HIN
Hex
VDLATILE 30L105 (2)
3.900
1.600
7.500
000 (69/9)
1.200
0.400
2.000
MHz (Hg/g)
0.043 < 0.001
0.033
Hg (ug/g)
< 0.100 < 0.100
< 0.100
As (ug/g)
2.000
< 1.000
3.000
Cu (ug/g)
15.000
< 2 000
27.000
Cr (09/9)
16.000
3.000
29.000
SRHPLING 00125: era-0575
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LOCQTIONI DULU1H-5UPERIOR HRRBOR
I HN
BRSIEE SUPERIOR
PROJECT EEGRﬁI ?906
COMPLETE: 7909
R09!
PHYSICHL DRTQ
HRTERIGL= HUD/SAND
DISPOSAL HETHDD! 0N LQND
EQUIPMENI TYPEx DIPPER. BLAH
37570
Can CDNTQINHENT:
0
PAY;
25882
TOTAL}
COHTRINHENT;
0
DRY DENSITY(Kg/L);
1.60
DREDGINE S/CNFH;
5.4?
DURHTITY(CHPH):
COSTS!
CRPXTRL
TOTAL S/CﬂPN;
0.00
REHHRKS3
CHEHXCQL DATA (DRY UEXGHT)
PARGHETER
HEAN
HIM
Hex
L000<t>
PanHETER
HERH
MIN
Hex
L000<0)
VOLRTILE SOLIDS (2)
4.710
1.600
11.600
283 .25
con (agrgz
60.100
< 0.840
150.000 < 3612.73
050 <ng/g)
1.390
2.900
83.56
TKN (ngxg;
0.920
0 120
.100
55.30
nus (Hg/g)
0.053
<
.120
;45
70101 P (Hg/g}
0.430
0.080
.680
‘25.55
Hg (ugfg)
0 100
< 0
.200
.01
Pb (ug/g)
24.000
0 5.000
.000
< 1.44
As (ugfg)
0.000
< 1.
.000
cu (Hg/g)
< 1.000
< 1 000
.000
< 0.06
Cu (ug/g)
17.000
< 2.000
30.000
.02
Zn (ugig)
17.000
9.000
.000
1.02
Cr (ug/q)
24.000
3
35.000
.44
H1 (ugig)
24.000
< 10 000
.000
< 1.44
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HATERIAL: SAND
DISPOSAL ﬂETHOD= 0N LAﬁD
EQUIPHENT TYPE: CLAN
     
DURHTITY<CHPH): PAY; 0 TOTAL} ?800 DRY DENSITY<Kg/L); 1.60
COSTS! CAPITAL CONTAINHENT} 0 0&H CONTAIHHEHTi 0 DREDGIHC SICHPH: 6.?6 TOTAL SXCHPH; 0.00
v
      
REMARKS:
CHEMICAL DATA (DRY HEIGHT)
PanHETER
naan HIH
nnx Lono<t> PanHETER
nsnu HIM
nax LOAD(t)
voLnIILE SOLIDS (2) 2.330 < 1.000 3.390 < 290.78 coo (Hg/g) 30.000 10.000 40.000 374 40
nae (mg/g) 0.890 0.250 1.300 11.11 TKN (Hg/9) 0.240 0.040 0.990 9.24
1010L P (Hg/g) 0.400 0.250 0.550 4.99 Hg (ug/g) 2.100 < 0.100 5.000 < 0.03
Pb (ug/g) 14.000 < 5.000 16.000 < 0.17 as (0929) 2.200 < 1.000 3.400 < 0.03
:0 (ug/g) 2.000 < 1.000 3.000 < 0.02 Cu (0929) 16.000 8.000 27.000 0.20
Zn (ug/g) 54.000 2.000 95.000 0.50 Cr (ugig) 29.000 13.000 43.000 0.30
(ug/g) 18.000 < 10.000 28.000 < 0.22
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LOCATIOEI GRAND ﬂARAIS . HH BASIH: SUPERIOR PROJECT BEER“! 7505 CUﬁPLETE! 7505 ROH= '200
HATERIALI CRAVEL/HUD DISPOSAL HETHOD= 0R LAﬁD
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VOLRTILE SOLIDS (Z) < 1.000 < 1.000 ( 1.000 < 122.94 COD (Hg/g) 3.300 7.300 3.300 89.75
00G (Hg/9) < 0.250 ( 0.250 < 0.250 < 3.0? TKN (Hg/g) 0.260 0.260 ' 0.260 3.20
HHS (Hg/g) 0.020 0.020 0.020 0125 TOTRL P (ngig) 0.08? 0.08? 0.08? 1.0?
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VDLQTJLE SOLIDS (2)
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Appendix 8
CONVERSION FACTORS
Metric Units English Unit Conversions
Length 1 centimetre = 0.3937 inches
1 metre = 100 cm = 3.2808 feet
= 1.0936 yards
= 0.5468 fathoms
l kilometre = 100 m = 1093.6 yards
= 0.6241 statue miles
= 0.5396 nautical miles
= 0.5340 international
nautical miles
Are
a
1 h
ect
are
= 1
0,0
00
m2
= 2
.47
11
acr
es
1 km2 = 100 ha = 0.3861 miz
Volume 1 litre = 0.0353 ft3
= 0.2642 gal. (U.S.)
= 0.2200 gal. (Imp.)
1m3 = 1,000 L = 1.3080 yd3
Weight 1 gm = 1,000 mg = 106 pg
1 kilogram = 1,000 grams = 2.2046 lbs.
1 tonne = 1,000 kg = 1.1023 short tons
= 0.9842 short tons
365
   
